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ABSTRACT

Author: Pukrop, Josey R. MS
Institution: Purdue University
Degree Received: December 2017
Title: Inclusion of Antibiotic Alternatives in Feedlot Cattle Diets: Impact on Health Status,
Cattle Performance, and Meat Quality
Major Professor: Jon Schoonmaker
Although antibiotics are effective at diminishing the incidence of both bovine respiratory
disease and digestive disorders and can promote growth in feedlot cattle, public scrutiny and
concerns about antibiotic resistance are driving the cattle industry away from their use in
production. Natural antibiotic alternatives derived from plants, bacteria and yeasts are increasing
in popularity for use in cattle feeding operations.
In this thesis, the effect of a yeast cell wall product on performance and health status of
receiving steers was examined and the effect of supplementing an essential oils blend on
finishing cattle performance, liver abscess incidence, carcass characteristics and meat quality
was investigated.
Yeast cell wall (YCW) products are the concentrated outer portion of the yeast that
contains mannoproteins and β-glucan layers. These cell wall components adhere to bacteria and
prevent their colonization in the gastrointestinal tract, helping to clear pathogens, increase the
efficiency of the natural flora of the gastrointestinal tract, and enhance the immune system. This
minimizes the amount of energy required to mount an immune response, and yields additional
energy for growth purposes, thus increasing performance. Essential oils (EO) are secondary plant
metabolites used by the plant for defensive purposes. Essential oils give a plant its characteristic
fragrance and have antimicrobial, anti-inflammatory and antioxidant effects that can alter
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ruminal metabolism. Essential oils restrict bacterial growth by disturbing the cell membrane and
inhibiting RNA and DNA synthesis of pathogens.
In the first trial, a two-part experiment was conducted to determine the effects of Select
TC™ (Select TC™; Alltech Inc., Nicholasville, KY) on the health status and performance of
steers during the first two months of the feedlot period. Select TC™ is a proprietary blend of
specialized mannan rich fractions and glucan rich fractions of yeast. Eighty crossbred steers were
acquired from commercial sale barns in Mississippi and Georgia, and transported to Purdue
University (West Lafayette, IN). Steers were allotted to 2 treatments: no feed additive (control,
CON) or 13 g/d of Select TC™ (TC). In Exp. 1, 64 steers (246.5 ± 4.7 kg initial BW) were
utilized to determine the effect of YCW supplementation on performance. In Exp. 2, 16 steers
(247.1 ± 5.4 kg initial BW) were similarly allotted to two treatments (CON and TC), individually
penned, and subjected to a lipopolysaccharide (LPS) endotoxin challenge. Morbidity data was
collected from all 80 steers for the duration of the trial. Supplementation of Select TC™ did not
alter performance or morbidity rates. After administration of LPS, rectal temperature and fat
catabolism (P ≤ 0.04) were favorably decreased in steers supplemented with Select TC™, though
there were no treatment effects on serum blood urea nitrogen, glucose, insulin or cortisol
concentrations (P ≥ 0.31). Interleukin-6 concentrations decreased (P < 0.0001) and interferon-γ
concentrations increased (P = 0.07) after LPS administration in Select TC™ compared to CON
steers indicating that Select TC™ steers had a stronger pro-inflammatory response.
The effect of EO on performance, carcass characteristics, and incidence of liver abscesses
were studied in a second trial. Seventy-two crossbred steers (358 ± 7.6 kg initial BW) were fed a
93% concentrate diet supplemented with no feed additives (control), 90 mg/steer tylosin (Tylan®;
Elanco Animal Health, Indianapolis, IN) or 1 g/steer essential oils (CRINA®; DSM Nutritional
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Products; Parsippany, NJ). Performance traits (P ≥ 0.54) and carcass characteristics (P ≥ 0.19)
were not affected by treatment. There were no differences in liver abscess prevalence (P = 0.88),
though steers fed essential oils tended (P = 0.10) to have more moderately severe liver abscesses
than steers fed tylosin or no feed additives. Lipid oxidation, pH, cook loss and tenderness were
not affected by treatment (P ≥ 0.32), but purge loss was lower (P = 0.02) in steers supplemented
with essential oils than in steers supplemented with tylosin or no feed additives.
Overall, natural feed additives have potential for altering the health status, performance,
carcass characteristics and meat quality of feedlot cattle. Select TC™ improves health and
metabolic status of immune challenged cattle, but this may not result in quantifiable
improvements in performance. Inclusion of an EO blend or tylosin in the diet of finishing steers
did not affect growth performance or carcass characteristics, and little difference was observed in
liver abscess data or meat quality attributes. Additional research is warranted to determine
optimal conditions and inclusion levels to maximize the benefits of the product prior to
widespread use rather than antibiotics.
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CHAPTER 1: REVIEW OF LITERATURE

1.1 Introduction
The time period associated with a calf entering the feedlot is commonly considered the
most stressful succession of events in the beef cattle lifecycle (Duff and Galyean, 2007). During
this time, a calf is weaned, marketed, transported, introduced to a new diet and environment,
potentially dehorned and castrated, vaccinated, commingled and subjected to a new host of
pathogens. Calves may be subjected to decreased or restricted feed and water intake during this
period, leading to a lesser supply of nutrients and energy entering the body. These stressors
contribute to decreased gastrointestinal tract barrier function, which results in an increased
susceptibility to pathogens (Zhang et al., 2013). Therefore, the major goal of the receiving period
is to get calves to eat a maximum amount of feed, thus providing nutrients to fight disease, and to
overcome immune challenges from stress. Bovine respiratory disease is the most frequently
occurring and economically significant challenge that the feedlot sector faces (Woolums et al.,
2005). Management strategies, such as preconditioning and antibiotics, including prophylactic
and metaphylactic treatments, have been common approaches to help calves adjust more easily
to the feedlot. Approaches that improve cattle health at feedlot entry that decrease antibiotic use
are becoming more popular and need to be researched.
At feedlot entry, cattle are also introduced and transitioned to a high concentrate diet,
resulting in a decrease in forage content of the diet. This dietary change results in an increase in
amylolytic bacteria concentrations, and a decrease in fibrolytic bacteria in the rumen. The
increase in rapidly fermentable carbohydrates equates to a greater acid load. This decreases
ruminal pH, creating an ideal environment for Streptococcus bovis, a bacterium that produces
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lactic acid as an end product of fermentation. If the transition from forage to grain is too rapid, S.
bovis can bloom and lactic acid accumulates, further lowering the pH in the rumen and
potentially resulting in subacute or acute acidosis. Acidosis leads to the clumping and necrosis of
papillae, causing damage to the ruminal wall. The reduction in forages also results in decreased
saliva production and decreased tactile stimulation of the rumen wall or “scratch factor.” Less
saliva causes ruminal pH to decrease and less scratch factor inhibits rumen papillae health.
Damage to the rumen wall allows bacteria to enter and travel through the portal vein to the liver,
causing abscesses to form (Nagaraja et al., 1998). Liver abscesses decrease performance, carcass
quality and value, and cause significant economic losses annually. Antibiotics, including tylosin,
chlortetracycline and virginiamycin, have been effective to varying degrees at controlling liver
abscesses.
Antibiotic use continues to receive scrutiny from the public due to resistance concerns,
resulting in the implementation of the Veterinary Feed Directive in 2017. Natural alternatives to
antibiotics are increasing in popularity. Direct-fed microbials, prebiotics and essential oils are
examples of alternatives that have been researched and are being used in the beef industry.

1.2
1.2.1

Health Concerns

Respiratory Disease
Maintaining a healthy animal is necessary for a productive feeding operation. The stress

associated with weaning and entering the feedlot defines the period in which calves are most
susceptible to diminished performance and contracting disease. Pre-weaning factors, including
pre-natal nutrition and intake of colostrum, as well as preconditioning positively contribute to a
calf’s immunity, whereas transportation and marketing stress, commingling, and poor receiving
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period management will further increase a calf’s susceptibility to respiratory diseases (Duff and
Galyean, 2007). Stressed calves have depressed feed intake, which likely contributes to and
amplifies the negative effects of stress on immune system function (Galyean and Hubbert, 1995).
These stressors can lead to decreased gut health and reduced total-tract barrier function, which
results in an increased susceptibility to pathogens (Zhang et al., 2013). The stress faced by the
animal weakens the animal’s immune functions and interacts with the exposure to viral and
bacterial agents, leading to the onset of diseases like bovine respiratory disease (BRD). Bovine
respiratory disease can refer to any disease of the upper or lower respiratory tract, and is caused
by a range of factors, including viral and bacterial infections (Edwards, 2010).
Though many different bacterial species are attributed to causing BRD, Mannheimia
haemolytica serotype 1 is the species that is most commonly responsible (Pandher et al., 1998).
Transmission can be spread vertically from cow to calf prenatally, or horizontally from calf to
calf postnatally. Often BRD is associated with viral agents, including bovine viral diarrhea virus
(BVDV), infectious bovine rhinotraceitis, parainfluenza-3, bovine respiratory syncytial virus and
bovine enteric coronavirus (Plummer et al., 2004). Calves can become persistently infected with
BVDV by d 42-125 in utero when infected by a nonpathogenic strain (McClurkin et al., 1984).
Persistently infected animals, which account for 0.3-0.4% of the total herd (Fulton et al., 2006;
Loneragan et al., 2005; Wittum et al., 2001), constantly shed the virus, and become a source of
transmission. Compromised populations of cattle are always at increased risk of developing
disease because of persistently infected calves. Therefore, decreasing stress and increasing intake
are important to keep vulnerable animals as healthy as possible.
In newly weaned and receiving cattle, BRD is cited as one of the most significant health
problems that affects the US beef industry (Martin et al., 1989; Edwards, 1996). A producer
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survey of 561 feedlots from 21 states showed that the leading cause of morbidity and mortality in
the feedlot is BRD (Woolums et al., 2005). The 2011 USDA APHIS feedlot survey found 97%
of all feedlots with a capacity over 1,000 head that buy calves under 317 kg were affected by
respiratory treatment. Of the cattle in these operations, 21.2% of calves developed BRD, and
89.6% received treatment (USDA, 2013b). With BRD accounting for 25.6% of total cattle death
loss (Stegner et al., 2013), respiratory disease is a major health concern. When an animal is
diagnosed as sick, antibiotics should be administered in a timely fashion and calves should be
closely watched to reduce the need to treat multiple times (Moore et al., 2013). As calves require
increasing numbers of treatment, economic losses increase due to medicine and labor costs (Duff
and Galyean, 2007), depressed performance (Cravey, 1996; Holland et al., 2010) and reduced
carcass quality (Garcia et al., 2010). Animal health has the greatest impact on animal
performance measures, and medicine costs have the greatest impact on feedlot cattle profitability
(Gardner et al., 1996). Fulton et al. (2002) reported that calves treated once for sickness returned
$40.64 less than untreated calves, calves treated twice returned $58.35 less, and calves treated at
least three times returned $291.93 less than their healthy counterparts. The cost of treatment for
sick animals from 1992-2000 Texas A&M University Ranch and Rail Annual Summaries ranged
from $21-38 per head depending on the year (McNeill and McCollum, 2000). It has been
estimated that BRD costs the industry over $500 million annually (Miles, 2009).
In addition to the upfront cost visible for BRD treatment, performance measures, such as
ADG and DMI, and carcass quality decrease each time an animal requires treatment (Cravey,
1996; Holland et al., 2010). Garcia et al. (2010) demonstrated that animals treated for BRD and
other pathogenic diseases had decreased HCW, YG, fat thickness, and KPH measurements and
greater shear force at harvest as compared to non-treated animals. A 2001 Colorado State
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University study also reported lower HCW, marbling and YG in cattle treated at least once
(Roeber et al., 2001), showing that disease occurring in the first months of the feedlot period has
a correlation with decreased meat quality and has economic consequences months later.
1.2.2

Digestive Disorders
Acidosis and liver abscesses are among the most prevalent digestive disorders that cattle

are subject to developing in the feedlot. Though remaining second to mortality and morbidity
associated with respiratory diseases (Nagaraja and Lechtenberg, 2007a), the occurrence of
metabolic and digestive diseases has risen in correlation to the increased use of processed grains
in cattle feeding operations (Vasconcelos and Galyean, 2008). Smith (1998) reported large
feedlots having mortality rates of 0.17-0.42% of total inventory each month, with one third being
attributable to digestive disorders alone. The average cost for each digestive disorder treatment is
$9.90 (APHIS, 2013).
The goal of a feedlot operation is to put on maximal lean muscle in as efficient and costeffective manner as possible. One way this is accomplished is by feeding a high concentrate
ration. As most calves come from forage-based feeding operations prior to feedlot entry, feeding
management during this time is crucial. Adequate time is needed for the rumen microbes to adapt
to the change in feed type. Brown et al. (2006) summarized a series of papers, and reported that a
period of less than 14 days to adapt receiving cattle from a 55 to 90% concentrate ration will
result in reduced overall performance. Vasconcelos and Galyean (2007) stated that most feedlot
consulting nutritionists recommend a 21-day diet adaptation period to optimize performance
throughout the transition period. Poor management in the diet transition period can lead to
digestive disorders.
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1.2.2.1 Acidosis
Also known as acute impaction, grain engorgement, or overloading, ruminal acidosis is a
condition that occurs when carbohydrate rich feeds are rapidly introduced to the rumen
environment, leading to the buildup of D-lactic acid in the rumen (Elam, 1976). When cattle
consume excessive amounts of rapidly fermentable carbohydrates, such as starches and sugars,
without prior adaptation, volatile fatty acids (VFA) and lactic acid concentrations increase,
resulting in a lowered ruminal pH (Slyter, 1976; Smith, 1998). As reported by Elam (1976),
physiological changes include an increase in the level of lactic acid in the rumen and blood, a
decrease in rumen and urine pH, rumen stasis, an increase in osmotic pressure in the rumen, a
decrease in protozoa counts, sloughing of epithelium, rumenitis, and dehydration. In severe
cases, acute ruminal acidosis can lead to decreased blood pH, metabolic acidosis, founder and
lameness.
As animals are transitioned from high forage to high concentrate diets, fibrolytic bacterial
populations decrease while amylolytic bacterial populations increase (Goad et al., 1998).
Streptococcus bovis, an amylolytic species of bacteria, has been identified as the major etiologic
agent of acute acidosis (Nagaraja and Miller, 1989; Gill et al., 2000) as it produces lactic acid
and can double its population once every 13 minutes. However, S. bovis growth can be regulated
and controlled. Megasphaera elsdenii is a naturally occurring ruminal microbe that can also be
fed as a direct-fed microbial. Megasphaera elsdenii ferments lactic acid, and helps to prevent
acidosis in cattle by raising ruminal pH through lactic acid utilization (Counotte et al., 1981;
Klieve et al., 2003). When cattle are accustomed to high grain diets and have a stable,
predominantly amylolytic bacterial population, the microbes can outcompete S. bovis for readily
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available carbohydrates and can also adequately remove harmful lactic acid from the rumen that
would otherwise cause an acidotic state (Elam, 1976).
In addition to the microbial population needing to shift to accommodate an increased
percentage of amylolytic bacteria in grain based diets, the decreased ratio of roughage in the diet
has adverse effects. Roughage serves as a scratch factor, which aids in preserving and
maintaining the health and integrity of ruminal papillae (Bartley et al., 1981). Compared to cattle
receiving all-concentrate diets, the addition of 10% alfalfa hay or 5.2% wheat straw increased
DMI and ADG and reduced subacute acidosis as the rapidly fermentable starch was diluted
(Shain et al., 1996).
While sporadic or reduced feed consumption is associated with subacute acidosis, there is
debate as to whether subacute acidosis leads to feed intake variation, or if feed intake variation
leads to subacute acidosis (Cooper et al., 1999). Management is the most effective way of
controlling acidosis and is the most critical during five key time points: as cattle start on feed,
when moving to higher percentage grain diets, during abrupt weather changes, over extended
periods of time on a finishing ration, and when feeding errors leads to cattle being extremely
hungry (Elam, 1976). Feedlot cattle are generally able to adapt physiologically and behaviorally
to individual daily feed intake fluctuations, preventing the disruption of growth performance, but
struggle to self-regulate during dietary transition periods (Schwartzkoph-Genswein et al., 2003).
1.2.2.2 Liver abnormalities
Britton and Stock (1989) describe acidosis as “…not one disease, but rather a continuum
of degrees of ruminal acidity.” With the current system used in the US feedlot industry, the
occurrence of ruminal acidity is unavoidable due to rations high in concentrates and low in
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forages for growth efficiency. Ruminal acidity in cattle predisposes the animal to a series of
other malfunctions, including ruminal wall and liver abnormalities. Ruminal ulcers and liver
abscesses are correlated (Smith, 1944; Jensen et al., 1954). Wise et al. (1968) linked an increased
prevalence of liver abscesses, rumen wall damage (parakeratosis), lowered feed intake, founder
and bloat to high concentrate diets. Furthermore, Orskov (1986) proposed that a high acid load,
such as what is experienced when cattle are fed high concentrate rations, would lead to
parakeratosis and other injuries in the rumen wall, which can lead to clumping and necrosis of
papillae. With the wall weakened, it is more susceptible to infection, and wall abscesses are
likely to form. This creates a direct linkage from the digestive system to the circulatory system,
allowing bacteria to travel through the portal vein, and into the liver.
Low roughage rations lack a physical scratch factor, which leads to altered ruminal
papillae and predisposes the rumen to physical damage (Reinhardt and Hubbert, 2015).
Additionally, the coarseness of cattle hair, which is consumed through grooming, appears to
evoke significant damage to the ruminal wall. Fell et al. (1972) added 2 g/day of clipped cattle
hair into sheep diets, and inflammatory lesions were found in the rumen wall for the treatment
group only, and not in control sheep. However, feeding a lower concentrate diet (85%
concentrate as opposed to 100% concentrate) late in the finishing period may significantly
alleviate the incidence of liver abscesses in feedlot cattle (Loerch and Fluharty, 1998).
Liver abscesses occur secondary to the primary foci of infection in the rumen wall, and
can exceed 15 cm in diameter (Nagaraja and Chengappa, 1998). Infection begins as a necrotic
lesion, and progresses into a pus-filled abscess within ten days (Nagaraja and Lechtenberg,
2007b). After 45 to 180 days, the abscesses become sterile and develop into scar tissue (Jensen et
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al., 1954). There is evidence that liver abscesses can form and heal prior to slaughter
(Lechtenberg and Nagaraja, 1991; Bartle et al., 1994).
Sources have reported that 10-30% of conventionally raised cattle in large feedlots have
liver abscesses (Harman et al., 1989; McKenna et al., 2002; Garcia et al., 2008; Brown and
Lawrence, 2010). Sex, breed and time of year have an effect on incidence of liver abscesses.
Steers tend to have more liver abscesses than heifers, and dairy breeds are more likely to develop
abscesses than beef breeds; both tendencies are due to increases in body weight that require
cattle to be fed high grain diets for a longer period of time (Nagaraja et al., 1996). Harman et al.
(1989) conducted a 5-year study with 3,570 head to compare the effects of year, month on feed
and housing type on liver abnormalities. They used similar management practices each year, and
had a year effect due to cattle procurement sources and varying weather conditions. Additionally,
cattle that were started on feed in the winter (November-January) had the greatest incidence of
liver abscesses. Cattle reared with no shelter and in confinement facilities also were more likely
to have liver abscesses than their counterparts that had access to an overhead shelter.
Cattle that are afflicted with liver abscesses will rarely display clinical signs, even in the
most severe of situations (Nagaraja and Chengappa, 1998). Cattle with moderately abscessed
livers (A- or A) will exhibit few differences in live performance, including rate of gain, and feed
efficiency (Davis et al., 2007; Fox et al., 2009; Brown and Lawrence, 2010). Cattle with severely
abscessed livers (A+) may experience a 0.06-0.20 kg per day decrease in ADG (Brink et al.,
1990). Brink et al. (1990) also reported a 5% reduction in feed intake and a 14% reduction in
gain:feed in cattle that had severe liver abscesses. Regardless of the severity of abscesses,
affected livers are completely condemned, which represents roughly a 2% loss relative to carcass
weight (Nagaraja and Chengappa, 1998). Severe liver abscesses often result in the liver adhering
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to the diaphragm and surrounding organs, and more carcass trimming is required to remove the
liver (Nagaraja et al., 1996), representing increased economic loss. The amount of trim loss per
carcass in cattle with severe liver abscesses can amount to 4-36 kg of lost HCW (Fox et al.,
2009; Rezac et al., 2014). No difference in price paid to the producer is observable based on
presence or absence of liver abscesses (Brown and Lawrence, 2010). However, decreases in
gross carcass value are realized by the meat plant because of trim loss. As a result, carcass value
may be reduced by $38-52/head in cases of severely abscessed livers (Brown and Lawrence,
2010; Reinhardt and Hubbert, 2015). It is estimated that liver abscesses cause an average loss of
25 million kg of HCW annually and close to $23 million in trim loss from condemned livers and
related infected organs (Brown and Lawrence, 2010).
The two major pathological bacteria species associated with liver abscesses are
Fusobacterium necrophorum and Actinomyces pyogenes. When isolating bacteria from cattle
with abscessed livers, F. necrophorum was found in every liver, either in a single or mixed
culture (Nagaraja et al., 1999). Narayanan et al. (1997) proposed that F. necrophorum originates
from the rumen, colonizes in the rumen wall, and enters the portal vein through weak points in
the wall. Meredith et al. (2017) isolated F. necrophorum in ileal and colonic epithelial tissues,
and suggested that bacteria may be able to enter the circulatory system post-ruminally as well. A.
pyogenes has been identified as the second most prevalent bacterial species in liver abscesses (10
to 53% incidence, depending on if the antibiotic tylosin was not fed or fed, respectively), and
there appears to be synergy between F. necrophorum and A. pyogenes (Nagaraja et al., 1999).
Gram-negative bacteria such as S. bovis protect themselves using an “envelope”
consisting of two phospholipid membranes. The outermost facing membrane leaflet contains a
special kind of phospholipid known as lipopolysaccharide (LPS), which is a recognized
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endotoxin. Lipopolysaccharide has toxic effects to the host after being shed from lysed bacteria.
Bacterial LPS may be partially responsible for damage to the gastrointestinal tract that occurs
during periods of digestive stress. Using the Ussing chamber system, Emmanuel et al. (2007)
observed that E. coli B:055 LPS presence and acidic pH conditions yielded increased rumen and
colon tissue permeability, signifying “leakiness.” In addition, inflammation of the rumen wall
from subacute acidosis leads to the translocation of free bacterial LPS from the rumen to the
portal system (Plaizier et al., 2012). There is evidence that this translocation of LPS may be what
is responsible for the acute phase reaction seen during subacute acidosis, as well as for causing
liver abscesses and laminitis (Plaizier et al., 2012). When LPS is translocated into interior
circulation, there is an increase in acute phase proteins and proinflammatory mediators. The
translocation of LPS may occur more often in the large intestine than in the rumen as the barrier
function of the mucosa of the large intestine is easier to compromise due to anatomic differences.
This theory is supported by the increase of LPS content in the digesta during acidosis.
Furthermore, LPS has been researched as a virulence factor of F. necrophorum, and is believed
to be on the one of the major factors leading to fusobacterial infection (Nagaraja and Chengappa,
1998).
1.3 Antibiotic Use

Over the past half century, antibiotic use has drastically increased in livestock production
as uses have been found for health applications and growth enhancement (McEwen and FedorkaCray, 2002). In the livestock sector, antibiotic use is greatest in the swine and poultry industries,
and lesser in beef and dairy operations (Cromwell, 2004). Antibiotics are commonly utilized for
therapeutic (treating clinically ill animals), prophylactic (preventing disease after a trauma),

12
metaphylactic (preventing disease due to environmental conditions) and subtherapeutic (growth
promoting) applications (Landers et al., 2012). A survey on antibiotic use by the Animal Health
Institute listed the usage of antibiotics in animal production by class: 47.5%
ionophores/arsenicals, 28.9% “other” antibiotics (including cephalosporins, macrolides,
lincosamides, polypeptides, streptogramins and other minor compounds), 15.8% tetracyclines,
4.3% penicillins, 2.3% sulfonamides, 1.2% aminoglycosides and 0.2% fluoroquinolones (Sarmah
et al., 2006). Antibiotics are considered “shared class” when they are used in both humans and
animals. There are 12 classes of antibiotics that are approved for use in both livestock enterprises
and human medicine (Sarmah et al., 2006). The largest class of antibiotics used in livestock
production (ionophores/arsenicals) are not used in human medicine. Any shared class antibiotic
that is medically important for human health must be prescribed by a veterinarian. Tylosin is an
example of a medically important macrolide antibiotic used in animal production, specifically for
the prevention of liver abscesses in cattle as it controls Fusobacterium necrophorum populations.
The 2011 USDA APHIS Feedlot Survey reported that 90% of calves in feedlots received an
ionophore (a compound that modifies rumen fermentation), 71% received tylosin, 18% received
chlortetracycline, and 29% received probiotics (USDA, 2013a,b).
1.3.1

Respiratory Disease
When caused by bacterial infection, antibiotics are very effective at helping the animal

fight disease. When a calf develops BRD, therapeutic treatment is commonly used to help the
animal overcome the illness. Treatment selection should be based on comparative efficacy and
cost of the medication. Some of the antibiotics used to treat BRD in the feedlot include ceftiofur,
danofloxacin, enrofloxacin, florfenicol, gamithromycin, oxytetracycline, tildipirosin, tilmicosin,
and tulathromycin (O’Connor et al., 2013). Tilmicosin phosphate (Schumann et al., 1990;

13
McCoy et al., 1994; Galyean et al., 1995), long-acting oxytetracycline (Morck et al., 1993),
sustained-release sulfadimethoxine (Lofgreen, 1983), and ceftiofur crystalline free acid (Booker
et al., 2006) have all proven effective at decreasing BRD treatment when administered within the
first three days of feedlot arrival.
The 2011 Feedlot Survey by USDA APHIS investigated types of respiratory treatment
used by feedlots with a capacity over 1,000 head (USDA, 2013b). Of incoming calves that are
lighter than 317 kg, 21.2% of calves developed BRD, and 89.6% received treatment. As part of
the initial treatment, 39.4% of calves were treated with tulathromycin, 25.0% were treated with
florfenicol, and 15.8% were treated with fluoroquinolones. Of the treated cattle, 81.7%
responded to treatment, 14.9% were treated again, 4.0% died, and 2.3% were harvested prior to
reaching slaughter weight. Of the retreated animals, 93.5% received a different antibiotic, with a
fluoroquinolone being used on 53.5% of all retreats. Altogether, 13.4% of all calves entering the
feedlot are treated for BRD with an injectable antibiotic.
Morbid calves use more energy to fight disease, whereas their healthy counterparts can
dedicate their nutritional resources to growth (Morck et al., 1993; McCoy et al., 1994), thus
improving health and increasing performance. Metaphylactic mass medication of antibiotics at
feedlot entry has been shown to decrease morbidity. Metaphylactic antimicrobial programs offer
a method of preventing or reducing the prevalence of BRD in high risk calves, but may
contribute to antibiotic resistance (Duff and Galyean, 2007) as animals receive treatment
regardless of health status. Of the discussed antimicrobials, tilmicosin phosphate is the most cost
efficient (Booker et al., 2006) and most effective metaphylactic antibiotic at reducing mortality
while simultaneously improving growth parameters (Van Donkersgoed, 1992; Merrill et al.,
1994). There are inconsistencies in the performance data of calves that receive mass medication
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upon feedlot entry. In three trials by Galyean et al., (1995), cattle performance was either
improved or not affected by tilmicosin phosphate administration at receiving.
1.3.2 Digestive Disorders
While monensin and other ionophores are effective in diminishing the effects of acidosis,
they have no impact on liver abscess prevalence (Potter, 1985). The US Feed Additive
Compendium (1997) lists five antibiotics as approved for the prevention of liver abscesses in
feedlot cattle. These include bacitracin methylene disalicylate, chlortetracycline, oxytetracycline,
tylosin phosphate and virginiamycin (Nagaraja and Chengappa, 1998). Tylosin is the most
widely used antibiotic for prevention of liver abscesses (Reinhardt and Hubbert, 2015). Tylosin
reduces the concentration of F. necrophorum in the rumen by 80-90%, which thereby decreases
the number of bacteria that can flow through the portal vein and infect the liver (Nagaraja et al.,
1999). Bacitracin is the only antibiotic approved for preventing liver abscesses that is not
considered medically important for human medicine. Feeding tylosin at 75 mg/d reduced liver
abscesses by 67% and severe liver abscesses by 85% (Brown et al., 1975). Virginiamycin, dosed
at 27.3 mg/kg of diet DM, decreased overall abscesses by 39%, and severe abscesses by 37%
(Rogers et al., 1995). Oxytetracycline, dosed at 1 g/d for 3 days a month, resulted in 22% of
livers being condemned due to abscesses (Lee and Laudert, 1984). Chlortetracycline, dosed at 70
mg/d, reduced the overall presence of liver abscesses by 21%, and severe abscesses by 35%
(Brown et al., 1975). Bacitracin, dosed at 75 mg/d had no effect on liver abscesses in a study
using 80 head (Haskins et al., 1967). Bacitracin must be dosed at very high concentrations to be
inhibitory to F. necrophorum (Nagaraja et al., 1999).
Vogel and Laudert (1994) analyzed data from 40 trials from across the US, and
determined that feeding tylosin resulted in 73% fewer liver abscesses. Brown and Lawrence
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(2010) reported that when no antibiotics were administered for the purpose of controlling liver
abscesses, 42.8% of cattle developed abscesses, with 21.9% of all cattle receiving an A+ score.
Alternatively, just 12.2% of cattle treated with antibiotics had liver abscesses, and only 5.3%
were ranked as severe. These studies illustrate the value of using antibiotics to decrease the
incidence of liver abscesses, and exemplify the high prevalence of liver abscesses we can expect
in cattle raised in organic and natural systems, where antibiotic use is not permitted. However,
Muller et al. (2017) demonstrated that intermittent tylosin use (tylosin fed on a rotational basis of
1 week on, 2 weeks off) was just as effective as continual tylosin use at preventing liver
abscesses compared to feeding no tylosin at all. Thus, intermittent use of tylosin would be an
effective way to decrease antibiotic use and still prevent liver abscesses.
Nagaraja et al. (1999) investigated the bacterial flora of liver abscesses and found that
there was a higher incidence of A. pyogenes in cattle fed tylosin versus those not fed tylosin. The
continual feeding of tylosin did not cause F. necrophorum or A. pyogenes to form resistance,
suggesting that antibacterial resistance is not a concern with this drug. Nagaraja and Chengappa
(1998) hypothesized why tylosin does not wholly eliminate the occurrence of liver abscesses:
first, by reducing F. necrophorum, other bacteria have less competition and can cause infection;
and second, the dosage of tylosin that is fed to the animal may not be amply concentrated to
completely eliminate all sources of infection.

1.4 Antibiotic Alternatives
Academic and industry research has led to the development of many products and
techniques that can be utilized to decrease sickness as calves transition from cow-calf operations
to the feedlot. Even with all advances that have been made in the past several decades, BRD in
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the receiving period and digestive disorders leading to liver abscesses are problems that continue
to exist in the cattle industry. Furthermore, antibiotics and similar technologies face existing and
increasing scrutiny and suspicion in the United States. Antibiotic resistance is classified as one of
the biggest threats to human health by The World Health Organization (Schäberle and Hack,
2014), leading to the necessity to develop and further research natural alternatives for use in
animal agriculture. While antibiotics have proven to be an effective technology against BRD,
there is increasing pressure from consumers to decrease antibiotic use in livestock production,
partially due to concerns of antibiotic resistance (Fuller, 1989; Yoon and Stern, 1995).
1.4.1 Veterinary Feed Directive
Beginning January 1, 2017, the Veterinary Feed Directive (VFD) requires a veterinarian
prescription for feed grade antibiotics used in livestock production that are deemed medically
important for humans (US Food and Drug Administration, 2015). The VFD was created to
minimize the use of medically important shared class antibiotics including penicillins,
fluoroquinolones, tetracyclines, macrolides, sulfas and glycopeptides in agricultural settings
(Pyatt et al., 2016). Of these classes, tetracyclines and macrolides (most notably including
tylosin) are used the most in beef production. The VFD does not revoke access to these
antibiotics, but it does change the use and management of drugs with the goal of protecting
human health through minimization of antibiotic resistance (Pyatt et al., 2016). Specifically,
therapeutic use is allowed to treat an animal with an illness, to control spread of disease in a
herd, and to prevent illness in healthy animals when exposure is likely; however, antimicrobial
use of medically important shared class drugs is not permitted for enhancing growth, improving
feed efficiency, or for extra label use. The VFD is similar to legislation passed in other countries.
Most notably, the European Union banned antibiotic use for non-therapeutic purposes on January
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1, 2006 (EU regulation no. 1831/2003; Jouany and Morgavi, 2007). All classes of antibiotics are
banned in the EU, whereas the VFD specifically targets classes of medically important drugs that
are used in both animal and human medicine. Therefore, non-medically important drugs such as
ionophores, polypeptides, carbadox, bambermycin and pleuromutolin are not included or
affected by the VFD (Pyatt et al., 2016; Scott et al., 2017).
Preconditioning programs are an effective way to ease receiving period stress and
decrease the incidence of BRD. Prior to marketing and the transition to the feedlot, calves are
weaned for 30-45 d, vaccinated, castrated, dehorned and introduced to feed bunks (Lalman and
Mourer, 2001). Marketing, transportation, commingling, introduction to a new environment and
exposure to novel pathogens are unavoidable during the receiving period in commercial feedlot
settings. Some of these stresses can be spread out by use of a preconditioning program, therefore
decreasing the amount of stress that a calf faces at one time. Lalman and Mourer (2001)
estimated preconditioning costs at $35-60 per head. In two trials, Cravey (1996) demonstrated
that a 45-day preconditioning period resulted in a net value increase of $55.93-$60.72 per calf.
Average disease treatment cost per head was $30-34 for non-preconditioned calves, and just $414 for preconditioned calves (Cravey, 1996). Preconditioning calves prior to feedlot entry does
not alleviate all sickness or costs associated with treatment, but the practice can greatly reduce
expenses.
Natural feed additives, such as direct-fed microbials, prebiotics and plant extracts can be
fed as a part of an antibiotic free program and may have growth promoting action.
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1.4.2 Direct-Fed Microbials
Direct-fed microbials (DFM) are live, naturally occurring supplements that originate
from bacterial species such as Lactobacillus, Enterococcus and Streptococcus, and fungal
cultures like the yeast Saccharomyces cerevisiae, and the mold Aspergillus oryzae (Yoon and
Stern, 1995; Beauchemin et al., 2006). Because “probiotic” has multiple meanings, in 1989 the
FDA mandated that manufacturers label live culture products as DFM instead (Miles and
Bootwalla, 1991). The FDA officially defines DFM as “a source of live, naturally-occurring
microorganisms” (Yoon and Stern, 1995), and over 40 types of bacteria and fungi are included as
safe for feed ingredients (Buntyn et al., 2016). Though DFM can be utilized at any point in the
feeding period, they are most commonly used in the receiving period (Buntyn et al., 2016), as
they have been shown to decrease morbidity and improve health (Krehbiel et al., 2003; Buntyn et
al., 2016).
The mode of action of DFM is complex and not well understood. Figure 1.1 shows some
of the mechanisms and effects of bacterial and fungal DFM (Khan et al., 2016). While antibiotics
have direct bactericidal and bacteriostatic effects, DFM have indirect mechanisms, including
altering the intestinal microbiome through competitive exclusion, enhancing intestinal efficiency,
and modulating the innate immune response (Buntyn et al., 2016). Overall, they are known to
benefit cattle by improving rumen fermentation (Krehbiel et al., 2003) and intestinal microbial
balance (Fuller, 1989). Differences in mechanisms exist amongst bacterial and fungal DFM.
1.4.2.1 Bacterial Direct-Fed Microbials
Different strains of bacterial DFM modify the rumen through utilizing or producing
lactate, which can prevent acidosis or kill off pathogens, respectively (Krehbiel et al., 2003).
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Figure 1.1. An overview of modes of action and beneficial application of DFM for enhancing
ruminant production and protecting health (Khan et al., 2016).

Bacterial DFM may also be able to improve the microbial balance post-ruminally as they
decrease the concentration of harmful enteropathogens through utilization and removal from the
GIT (Beauchemin et al., 2006). Seo et al. (2010) listed proposed mechanisms of action of lactic
acid producing and utilizing bacteria in the rumen as shown in Figure 1.2. Additionally, the
mode of action in the post-ruminal GIT includes: the ability to attach to the intestinal mucosa,
which prevents potential pathogen establishment; maintenance of a low pH in the GIT, which
inhibits pathogen growth; production of antibacterial compounds, including bacteriocin and
hydrogen peroxide; modulation of immune cells and ability to stimulate immune function;
modulation of GIT microbial balance; and prevention of illness due to pathogens or stress (Seo et
al., 2010).
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mechanisms
Lactic acid producing bacteria
I. Provision of a constant lactic acid supply
2. Adaptation of overall micro flora to the lactic acid accumulation
3. Stimulation of lactate utilizing bacteria

4. Stabilization of ruminal pH
Lactic acid utilizing bacteria
I. Conversion of lactate to VFA (e.g., Megasphaera elsdenii)
2. Production ofpropionic acid rather than lactic acid (e.g., Propionibacterium spp.)
3. Increase of feed efficiency
4. Decrease of methane production
5. Increase of ruminal pH
Figure 1.2. Modes of action of DFM in the rumen and post-rumen GIT (Seo et al., 2010).

Bacterial DFM strains are often fed in conjunction with one another, which allows for
synergistic activity. For example, it is common to feed a combination of lactic acid utilizing and
producing bacteria to exploit synergistic effects. Lactic acid producing bacteria may increase
BW and gain:feed and moderate diarrhea incidence, and lactic acid utilizing bacteria may
increase calf BW (Seo et al., 2010). Bacterial DFM, have been shown to cause an increase in
ruminal pH, increase propionate concentration, increase protozoa and alter viable bacterial
counts (Krehbiel et al., 2003). Sick calves receiving a gel with a mixture of lactic acid producing
bacteria when treated for BRD were less likely to be re-treated within 96 hours as compared to
calves not receiving the gel (Krehbiel et al., 2001). In addition to health benefits, Krehbiel et al.
(2003) summarized trials and reported that feeding bacterial DFM for 30 days at receiving
caused a 13% increase in ADG, a 2.5% increase in feed consumption and a 6.3% increase in
feed:gain, resulting in overall increased performance during that period. Bacterial DFM are
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utilized in dairy cows to ease transition periods with added stress, such as calving, and have been
reported to improve growth performance, milk and meat production and feed efficiency in both
beef and dairy cattle (Seo et al., 2010).
1.4.2.2 Fungal Direct-Fed Microbials
As depicted in Figure 1.3, Yoon and Stern (1995) analyzed and combined previous
research to propose that fungal DFM increase production parameters by removing oxygen from
the rumen and stimulating certain groups of rumen bacteria. Newbold et al. (1996) correlated the
ability of yeast to stimulate oxygen uptake to the growth of rumen bacteria. Oxygen removal
from the ruminal environment leads to enhanced lactate and ammonia utilization, a stabilized
ruminal pH, increased microbes, increased rate of fiber digestion and increased microbial protein
synthesis, resulting in increased feed intake and substrate supply to the small intestine.
Beauchemin et al. (2006) formed a similar theory on fungal DFM mode of action: increased
ruminal bacterial viability from fungal DFM supplementation leads to an increased rate of
cellulolysis and flow of microbial protein, resulting in improved productivity.
The 1991 AAFCO definition of yeast is “a dry product composed of yeast and the media
on which it was grown, dried in such a manner as to preserve the fermenting capacity of the
yeast” (Fuller, 2012). Many yeast products are derived from S. cerevisiae, though efficacy varies
based on the strain, viability and total number of yeast cells present (Newbold, 1995). In a
review, Buntyn et al. (2016) reported that feeding a derivative of S. cerevisiae either had no
impact or caused an improvement in performance and health and immune status in each of seven
publications. Mir and Mir (1994) reported no differences in performance of steers fed alfalfa
silage or barley grain diets containing monensin or lasalocid with or without the addition of
yeast. However, inclusion of the yeast supplement to the corn silage diet in one of the years
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Figure 1.3. Model depicting the action of fungal cultures in ruminants (Yoon and Stern, 1995).

caused a decrease in final BW, an increase in DMI and an increase in feed:gain. Carcass
characteristics did not differ by year or with inclusion of yeast.
Feeding yeast may cause increases in lactate uptake and acetate, propionate and total
VFA production (Nisbet and Martin, 1991). However, the performance response seen in cattle is
variable due to age, production stage and diet (Wallace and Newbold, 1992). Feeding S.
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cerevisiae subspecies boulardii CNCM I-1079 decreased morbidity rates but overall DMI, ADG,
and gain:feed did not differ. In the first of two trials, feeding a yeast DFM in combination with a
Florfenicol injection at the time of receiving decreased the need to treat for BRD from 24.0% in
control heifers receiving no DFM or antibiotic to 13.8% (Keyser et al., 2007). Although not
statistically different, Keyser et al. (2007) observed that treatment prevalence was 40.2% for
heifers receiving no DFM or antibiotic and 33.1% for heifers fed the yeast supplement without
florfenicol. It was hypothesized that use of florfenicol may have allowed for greater intake,
increasing consumption of the DFM in the first trial, allowing for healthier and less susceptible
animals and therefore decreasing the number of animals requiring treatment (Keyser et al.,
2007). Scott et al. (2017) observed that 18 g of an S. cerevisiae fermentation prototype
(NaturSafe™, Diamond V) with no additives non-significantly (P = 0.27) decreased liver abscess
prevalence compared to a positive control that included 300 mg monensin + 90 mg tylosin + 50
mg DFM (16.3 vs. 20.9%, respectively). Performance and carcass characteristics were similar
between treatments, suggesting that the prototype may be able to serve as a replacement for
monensin and tylosin in the feedlot.
1.4.2.3 Combination Direct-Fed Microbials
Combinations of bacterial and fungal DFM have been studied as well. Chiquette (2009)
observed that feeding a combination of Enterococcus faecium and S. cerevisiae at 2 g/d to cows
tended to increase the average ruminal pH from 5.41 to 5.84 compared to feeding no yeast and
the minimum ruminal pH during a subacute acidosis challenge was increased from 4.43 to 5.02.
Chiquette (2009) also reported that supplementing A. oryzae at 0.6 g/cow/d tended to increase
the minimum ruminal pH, but had no effect on mean ruminal pH compared to diets not
supplemented with yeast. Alternatively, Beauchemin et al. (2003) found minimal benefits when
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E. faecium was supplemented with and without yeast to cattle that were already adapted to high
concentrate diets as there was an existing presence of lactic acid. The results from Beauchemin et
al. (2003) suggest that E. faecium may be more effective in situations where the rumen is not
prepared for starch digestion and there is a potential for lactic acid to accumulate.
The USDA APHIS Feedlot 2011 Survey examined the treatment feedlots greater than
1,000 head utilized for digestive disorders (USDA, 2013b). When digestive disorders arose, 30%
of cattle received an injectable antibiotic, 51% received an oral antibiotic, and 31% received a
probiotic paste as part of the initial treatment, showing that natural treatments are already
popular. In fact, 35% of all feedlots utilized a probiotic paste as a treatment mechanism for
digestive disorders, whereas just 19% and 22% of feedlots used injectable and oral antibiotics,
respectively.
1.4.3 Prebiotics
The original definition for feed grade prebiotics was developed in 1995 to be “a nondigestible food ingredient that beneficially affects the host by selectively stimulating the growth
and/or activity of one or a limited number of bacteria in the colon, and thus improves host
health” (Gibson and Roberfroid, 1995). The prebiotics most commonly used to stimulate a health
response are carbohydrate substrates, including oligosaccharides and dietary fiber with low
digestibility (Uyeno et al., 2015), examples of which include lactulose, fructo-oligosaccharides,
mannan oligosaccharides, galacto-oligosaccharides, soybean oligosaccharide, lactosucrose,
isomalto-oligosaccharides, gluco-oligosaccharides, xylo-oligosaccharides and palatinose (Collins
et al., 2009). Many of these carbohydrate prebiotics are derived from yeast.
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1.4.3.1 Yeast Cell Wall Components and Mode of Action
Mannoproteins and β-glucan are the primary components derived from the yeast cell wall
(YCW) that form products that have shown promise in keeping receiving cattle healthier (Spring
et al., 2000; Volman et al., 2008). These cell wall components adhere to bacteria and prevent
their colonization in the GIT (Davis et al., 2004), leading to enhancement of the immune system
(Ganter et al., 2003). In general, YCW products have greater efficacy than live yeast products
due to the concentration of cellular components (Burdick Sanchez et al., 2014). A diagram
showing the structure of the yeast cell wall is presented in Figure 1.4. The β-glucan layer
activates the binding site for potential pathogens (Underhill and Ozinsky, 2002), allowing the
mannoprotein to bind and clear pathogenic bacteria from the gut (Spring et al., 2000). Yeast cell
wall products clear pathogens, which decreases the amount of energy the animal needs to use to
fight disease (Burdick Sanchez et al., 2013), thus increasing potential for improved performance
when entering the feedlot. Furthermore, because pathogens are removed, the remaining bacterial
population flourishes and is capable of digesting feeds more completely, resulting in increased
GIT efficiency and nutrients available for utilization by the animal (Spring et al., 2015).
Mannan oligosaccharides (MOS) are derived from the mannan, β-glucan and chitin
portions of the yeast cell wall (Kollar et al., 1997), and are commonly used in YCW
supplements. The mannose-rich fraction (MRF) is derived from YCW and concentrates the
mannan layer, resulting in a more potent product when fed to cattle. The MRF can be added to
YCW products, and can enhance activities in immune modulation and intestinal health. As a
non-digestible feed additive, MRF offers a source of attachment for specific bacteria, preventing
colonization in the GIT, and causing them to be eliminated from the body during digestion
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(Spring et al., 2015). Through these actions, the MRF has been shown to support nutrient
utilization, maintain digestion and control inflammation in swine (Che et al., 2012).
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Figure 1.4. Schematic overview of fungal cell wall composition (Fesel and Zuccaro, 2016).

1.4.3.2 Responses in Beef Cattle
A series of studies completed in Texas (Young et al., 2017; Burdick Sanchez et al., 2013,
2014; Finck et al., 2014) have shown that supplementation of pure YCW products can improve
performance and decrease the physiological and acute phase responses of receiving cattle after a
LPS challenge. A LPS challenge can be utilized to model gram-negative bacterial infections,
because it results in the disturbance of carbohydrate, protein, and fat metabolism (Lohuis et al.,
1988; Steiger et al., 1999). Administration of LPS causes immunological stress as evidenced by
increased secretion of interleukin-6 (IL-6), tumor necrosis factor (TNF) and cortisol, and leads to
increases in protein degradation (Webel et al., 1997). In cattle, prolonged, low-dose LPS
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administration resulted in an overall increase in rectal temperature, an initial stress response with
increases in glucose and cortisol, and was followed by an energy deficit with low glucose and
increased lipolysis (Steiger et al., 1999). The three primary pro-inflammatory cytokines, IL-6,
IL-1, and TNF, are responsible for the initiation of the acute-phase response in the body
following infection and cause the body to develop a fever and inflammation. Interferon-γ is a
cytokine with immunostimulatory and immunomodulatory effects, leading to greater activity of
natural killer cells and enhanced stimulation of macrophages (Schroder et al., 2004). Measuring
metabolites, hormones and cytokines in serum collected during an LPS challenge models the
response of an animal to infection.
Condition of cattle prior to feedlot arrival and strain of yeast that the YCW product is
derived from can impact the response cattle have to YCW. It has been reported that beneficial
effects of yeast product supplementation are more pronounced under stress versus normal
conditions (Arambel and Kent, 1990; Cole et al., 1992). Young et al. (2017) tested three S.
cerivisiae YCW products and a control in feedlot heifers sourced from two sale barns in Texas
and observed that heifers in poorer condition derived from one of the sources responded to only
one of the strains of YCW (YCW-C). With supplementation of this product, ADG, BW, and
DMI were increased for the first 42 d, final BW at 56 d tended to be improved, and ADG and
gain:feed after an LPS challenge were improved (Young et al., 2017).
Burdick Sanchez et al. (2013, 2014) supplemented heifers with two different YCW
products (YCW-A and YCW-C) to determine the physiological and metabolic responses to an
endotoxin challenge. Supplementation of YCW-C decreased vaginal temperature during a LPS
challenge relative to YCW-A and control (Burdick Sanchez et al., 2013). Both YCW-A and
YCW-C decreased serum cortisol and IL-6 concentrations, but caused no differences in IFN-γ or
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TNF-α concentrations. The decrease in cortisol response may have been the result of a lesser
cytokine response. There were no differences in sickness behavior scores in this experiment,
suggesting that a strong overall immune status of these cattle and potentially explaining the lack
of differences in two of the three cytokines measured. Concentrations of IFN-γ prior to LPS
administration were highly variable, and may have been an additional reason for the lack of
response. In the metabolic response trial, YCW-A decreased glucose concentrations relative to
YCW-C and control, and both YCW-A and C had greater insulin concentrations compared to
control following LPS administration (Burdick Sanchez et al., 2014). Serum concentrations of
NEFA were lowest in YCW-C heifers, and did not differ between control and YCW-A heifers.
Alternatively, BUN concentrations were greater in YCW-A supplemented heifers, and did not
differ between control and YCW-C treatments. During the immune response, energy is shifted
from an anabolic to a catabolic state as lipids and proteins are broken down to provide energy for
defenses, with adipose tissue generally serving as the first source available for energy (Elsasser
et al., 2008). These results indicate that feeding of YCW-C allows the animal to mount an
immune response without having to mobilize muscle or fat tissue following an immune
challenge (Burdick Sanchez et al., 2014). Finck et al. (2014) reported that feeding YCW
increased DMI in receiving steers, but no other performance measures were affected. Body
temperature and cortisol levels were decreased in steers fed YCW during a LPS challenge (Finck
et al., 2014). This collection of studies suggests that cattle receiving YCW products have the
potential to better resist illness when challenged.
Supplementation of 2 g/kg YCW decreased free LPS concentrations in plasma, feces
and digesta of the ileum, cecum and colon (Lei et al., 2013), indicating that the YCW product
was able to remove LPS from the digestive tract. However, there were no differences in free LPS
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concentration in ruminal fluid, duodenum or jejunum samples. Levels of acute phase proteins,
including serum amyloid-A, haptoglobin, C-reactive protein and LPS-binding protein were all
decreased in plasma of steers fed the YCW product. Average daily gain, feed efficiency, and
apparent digestibility of ADF and total phosphorus were increased, though YCW had no effect
on BW, DMI, or digestibility of DM, OM, CP, EE, NDF, acid detergent lignin or Ca (Lei et al.,
2013).
The inclusion of YCW for the final 55 d in diets of steers fed zilpaterol hydrochloride
resulted in increased carcass adjusted final BW, ADG and gain:feed from d 21-55, but there were
no other differences in performance or carcass characteristics (Aragon et al., 2016). However,
steaks from steers fed YCW were less tender than control steers when aged for up to 14 d; steaks
aged 21 or 28 d did not differ in tenderness and there were no differences in purge or cook loss
(Aragon et al., 2016).
Performance of steers supplemented with 0, 1, 2 or 3 g/d of an enzymatically hydrolyzed
YCW product for 229 d did not differ over the first 139 d of the trial, but inclusion of YCW
linearly increased DMI and ADG when the 24-h temperature humidity index averaged 80 from d
139 to harvest (Salinas-Chavira et al., 2015). This suggests YCW products may be of greater
benefit in cases of high heat. Sánchez-Mendoza et al. (2015) observed that a chromium enriched
YCW product increased ADG and tended to increase DMI during the first 112 d but not the last
100 d or overall compared to no feed additive. Supplementation of the YCW product tended to
decrease carcass fat thickness, increase LM area and increase retail yield of boneless closely
trimmed primal cuts (Sánchez-Mendoza et al., 2015). Holstein steers supplemented with 0, 195,
390 or 585 mg/kg of enzymatically hydrolyzed YCW + yeast culture for 336 d had increased
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overall DMI, ADG and final carcass weight, with the maximal supplementation effects observed
at 195 mg/kg YCW (Salinas-Chavira et al., 2017).
1.4.3.4 Applications in Other Species
Mycotoxin contaminated diets or a modified YCW extract did not affect total BW gain or
DMI of veal calves, but there was a mycotoxin x YCW effect on DMI, where intake was reduced
when YCW was introduced to a diet with no mycotoxin contamination, but increased when
included in a diet that was contaminated with mycotoxins (Martin et al., 2010). Mycotoxin
absorption was decreased in dairy ewes supplemented with YCW for 21 d as evidenced by
increases in mycotoxin excretion in feces (Firmin et al., 2011). However, mycotoxin
contaminated diets with or without a modified YCW extract did not affect DMI, milk production,
milk composition or body weight of ewes (Firmin et al., 2011).
In swine, YCW products adsorb mycotoxins as well as block fimbriae of pathogenic
bacteria, preventing adhesion to the mucous epithelium (Kogan and Kocher, 2007).
Supplementation of YCW β-glucan increased TNF-α in intestinal, liver and spleen samples
following an LPS challenge and improved BW and ADG in newborn pigs (Eicher et al., 2006).
However, cortisol concentrations following the LPS challenge did not differ due to YCW
supplementation (Eicher et al., 2006).
Yeast cell wall supplementation in broilers resulted in improved live weight at 42 d,
increased feed efficiency and resulted in a better humoral immune response against Newcastle
disease (Ghosh et al., 2012). Villus height during the first 7 d of age in broiler chicks was
increased as a result of YCW supplementation, and offers an explanation for the improvement in
body weight and feed efficiency in broilers (Santin et al., 2001).
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1.4.4 Essential Oils
Essential oils (EO) are naturally occurring secondary plant metabolites which can be
extracted from plants using steam volatilization or using organic solvents (Calsamiglia et al.,
2007). The active components and characteristics of each EO varies by the plant it was derived
from, but most have terpenoid and phenolic compounds in their structure (Helander et al., 1998).
Examples of EO include thymol, carvacrol, eugenol, vanillin, cinnamaldehyde, limonene and
capsaicin.
1.4.4.1 Mode of Action
Collectively, EO have antimicrobial, analgesic, anti-inflammatory, and antioxidant
effects, and the ability to alter ruminal metabolism (Meyer et al., 2007; Bakkali et al., 2008;
Benchaar et al., 2008). Many EO work to disturb the cell membrane or inhibit RNA and DNA
synthesis, therefore obstructing bacterial growth. The mechanism of action of EO are dependent
on the chemical composition of the EO, with the location of the functional group of the molecule
affecting antimicrobial activity. Essential oils with terpenoid compounds act on the cell
membrane by inhibiting electron and protein transport and phosphorylation reactions (Dorman
and Deans, 2000). Essential oils with phenolic structures cause energy depletion of gramnegative bacteria, leading to the restriction of cell membrane activity (Helander et al., 1998).
After the cell membrane is disrupted, there is a decrease in proton-motive force across the cell
membrane and a decline in ATP synthesis, which leads to retarded microbial growth and cell
death (Ultee et al., 2002). Cinnamaldehyde may have an alternative mode of action, allowing it
to act upon microbial cells through the cytoplasm or inner organelles of the cell (Cardozo et al.,
2005).
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The difference in the structure of cell walls between gram-positive and negative bacteria
is presented in Figure 1.5. Most EO are more effective against gram-positive microorganisms as
the outer membrane of gram-negative bacteria offers additional protection to the cell (Davison
and Naidu, 2000; Nazzaro et al., 2013). Hydrophobic molecules are able to penetrate the cell
wall of gram-positive bacteria as 90-95% of the cell wall is peptidoglycan (Nazzaro et al., 2013).
The outer membrane in gram-negative bacteria almost completely prevents hydrophobic
molecules from penetrating the cell wall. However, some hydrophobic molecules can traverse
through porins (Plesiat and Nikaido, 1992). For example, limonene has activity against gramnegative microorganisms (Dorman and Deans, 2000).
Due to differences in structure, EO vary in activity when used singularly or in
combination with one another, demonstrating synergistic and antagonistic effects (Benchaar et
al., 2008; Rivaroli et al., 2016). In vitro models are often used as preliminary studies with EO
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Figure 1.5. Schematic of the envelopes of gram-positive (on the right) and gram-negative (on the
left) bacteria (Nazzaro et al., 2013).
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research, but variability exists between in vitro and in vivo experiments due to the nature of the
models (Benchaar et al., 2008).
1.4.4.2 In vitro Research
Thymol, a phenolic compound found in thyme and oregano (Castillejos et al., 2006), has
strong antimicrobial activity against both gram-positive and negative bacteria as it can permeate
membranes (Helander et al., 1998; Dorman and Deans, 2000). Castillejos et al. (2008)
demonstrated that doses of thyme oil containing thymol, carvacrol, terpineol, trans-thujanolterpineol, terpinene, cymene, borneol and linalool (thymol was present in the highest
concentration at approximately 360 mg/g) at doses of 5, 50 and 500 mg/L increased total VFA
production in vitro. In contrast, Castillejos et al. (2006) observed that 50 mg/L of thymol alone
did not impact in vitro rumen fermentation, while 500 mg/L decreased concentrations of VFAs,
ammonia N and branched-chain VFAs and lowered rumen pH. The differences in response could
be a result of the blend having synergistic activity that thymol alone did not possess.
Furthermore, differences in diet and pH utilized in vitro have an effect on rumen fermentation
(Cardozo et al., 2005).
Eugenol is a phenolic compound with high activity against microorganisms found in high
concentrations in clove and cinnamon (Dorman and Deans, 2000). Thymol, carvacrol and
eugenol are either bactericidal or bacteriostatic agents depending on the concentration used
(Pelczar et al., 1988; Dorman and Deans, 2000). In each instance, the presence and relative
position of the hydroxyl group and the phenolic ring in the structure contributes to the high
antimicrobial activity level of these EO (Pelczar et al., 1988; Dorman and Deans, 2000).
Eugenol, like thymol, has activity against both gram-positive and negative bacteria (Dorman and
Deans, 2000; Walsh et al., 2003). In vitro at 500 mg/L, eugenol decreased propionate, branched-
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chain VFA and ammonia N concentrations (Castillejos et al., 2006). Conversely, clove leaf oil,
which contains up to 950 mg/g eugenol, increased total VFA concentration of ruminal fluid in
vitro, again indicating that synergistic activity may be occurring in the oil (Castillejos et al.,
2008).
Vanillin, derived from vanilla beans, has strong activity against bacteria, yeasts and
molds due to its ability to disrupt membranes (Fitzgerald et al., 2004). Although vanillin
minimally alters ruminal fermentation in vitro (Castillejos et al., 2006), this phenolic compound
has bacteriostatic inhibitory action. Vanillin also causes membrane damage which results in ion
gradient dissipation and respiration inhibition (Fitzgerald et al., 2004).
Derived from peppermint, celery, birch and juniper, guaiacol is a phenolic compound,
that, at 500 mg/L, decreased acetate and ammonia N concentrations without decreasing total
VFA concentration in vitro (Castillejos et al., 2006).
Cinnamaldehyde, derived from cinnamon bark, and the major component of cinnamon
oil, is a phenylpropanoid (Calsamiglia et al., 2007). In vitro, cinnamaldehyde dosed at 0.3, 3 and
30 mg/L decreased total VFA concentration, increased branched-chain VFA concentrations,
increased the acetate:propionate ratio, and decreased ammonia N concentration at a pH of 7.0.
However, at a pH of 5.5, cinnamaldehyde increased total VFA concentration, decreased
branched-chain VFA concentrations, decreased the acetate:propionate ratio and decreased
ammonia N concentration (Cardozo et al., 2005). The different responses due to pH may be due
to the state of disassociation of the molecules. A decrease in pH causes acids to become
undissociated and more hydrophobic, thereby making it easier for them to interact with cell
membranes and increasing the antimicrobial effect (Cardozo el al., 2005). This suggests that
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some EO will be more potent and beneficial when fed to cattle receiving concentrate based
rations where rumen pH is low.
Capsaicin is the active component of hot peppers, and is a phenolic compound (Materska
and Perucka, 2005). Terpenes act upon the phospholipid bilayer, and cause an inhibition of
electron transport, protein translocation, phosphorylation steps and other enzyme-dependent
reactions (Knobloch et al., 1986; Dorman and Deans, 2000). At a pH of 7.0 in vitro, capsicum
(dosed at 0.3, 3 and 30 mg/L; containing 12% capsaicin) decreased total VFA concentration,
increased branched-chain VFA concentrations, increased the acetate:propionate ratio and
decreased ammonia N concentration. At a pH of 5.5, capsicum increased total VFA
concentration, and decreased branched-chain VFA concentrations, acetate:propionate ratio, and
ammonia N concentration (Cardozo et al., 2005).
Limonene is a monocyclic monoterpene found in citrus fruits, peppermint and spearmint
(Turner et al., 1999) with known activity against gram-negative bacteria due to an alkenyl
substituent that is incorporated into a nonphenolic ring structure (Dorman and Deans, 2000).
Limonene alone had adverse effects on total rumen VFA concentration when included at 50 and
500 mg/L in vitro, and decreased ammonia N and branched chain VFA concentrations at the 500
mg/L inclusion level, suggesting toxicity to ruminal bacteria (Castillejos et al., 2006). However,
limonene is included in other oils, such as savory oil (as explained above) and hyssop and
rosemary oils, which have been shown to increase propionate and decrease acetate and butyrate
proportions (Castillejos et al., 2008).
Carvacrol, derived from oregano, thyme, pepperwort and wild bergamot, is a phenolic
compound that has a similar structure and comparable antimicrobial activity to thymol (Helander
et al., 1998), including a strong ability to cause membrane damage (Fitzgerald et al., 2004).
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Carvacrol is the major compound in savory oil (included at up to 600 mg/g), along with pcimene, thymol, γ-terpinene, α- and β-pinene, limonene, borneol and α-terpineol (Giordani et al.,
2004). Savory oil increased VFA concentration, decreased ammonia N concentration and
lowered final pH of ruminal fluid at doses of 5 and 50 mg/L in vitro (Castillejos et al., 2008).
Experiments have also shown that EO have promise for decreasing the growth of
Fusobacterium necrophorum. Doses of either 20 µg/mL of limonene or 100 µg/mL of thymol
have been effective at almost completely depleting concentrations of F. necrophorum in vitro
(Elwakeel et al., 2013). Samii et al. (2016) observed that limonene was more potent at decreasing
F. necrophorum growth than thymol, and demonstrated that there were no synergistic effects
between the two EO.
1.4.4.3 In situ Research
Feed efficiency is achieved by minimizing energy losses in the rumen by shifting rumen
fermentation away from methane production and towards propionate production (Khiaosa-ard
and Zebeli, 2013). Therefore, EO that have the ability to alter rumen fermentation to decrease
methane production may result in increases in feed efficiency. Essential oils can inhibit
deamination and methanogenesis, which leads to lower ammonia N, methane and acetate and
higher propionate and butyrate concentrations (Calsamiglia et al., 2007). Essential oils have been
shown to alter the growth and metabolism of bacteria in vitro; however, the effectiveness of EO
at decreasing bacterial growth is dependent on diet and pH (Wallace, 2004; Cardozo et al., 2005;
Castillejos et al., 2006). In heifers fed a high concentrate diet, an EO blend (CRINA®) decreased
in situ CP degradation of lupin seeds, green peas and sunflower meal supplements, whereas there
was no effect on in situ degradation in heifers fed a low concentrate diet (Molero et al., 2004).
Alternatively, Molero et al. (2004) observed in a second trial that EO inclusion in a high forage
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diet lowered the CP degradation of soybean meal. Newbold et al. (2004) demonstrated that
ruminal degradation of soybean meal N was inhibited with EO supplementation (CRINA®), but
not affected for heat-treated rapeseed meal or hay when incubated in situ in mature sheep.
1.4.4.4 In vivo Research
A meta-analysis by Khiaosa-ard and Zebeli (2013) found that the supplementation of EO
compounds did not affect rumen pH, ammonia concentration and protozoa numbers overall
among beef and dairy cattle and small ruminants. However, due to the assortment of products
and combination of EO compounds utilized in research, plus the variety of environmental, diet,
and ruminal pH, it is very difficult to make direct comparisons among studies. Because EO have
varying structures and effectiveness, a meta-analysis is not the best method to determine how
effective they are.
Effects seen in vitro don’t always translate into the same responses in vivo, and the
benefits of EO may diminish over time in the feedlot environment (Benchaar et al., 2008; Yang
et al., 2010). Cinnamaldehyde supplemented at 400, 800 or 1,600 mg/steer/d tended to increase
ADG quadratically in yearling steers for the first 28 d of the supplementation period, with ADG
being greatest for the intermediate dosages, though there was no difference for the duration of
the 112-d feeding period (Yang et al., 2010). Cinnamaldehyde also impacted DMI quadratically
during the first month and overall, where DMI was greatest for the intermediate dose. The
minimal differences in performance over an extended period of time was attributed to the
microbial population adapting to EO (Yang et al., 2010).
Steers stocked on cool-season annual grasses in Arkansas and wheat pasture in Oklahoma
were supplemented with either garlic or cinnamon EO extracts, and no differences were observed
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in BW or ADG (Beck et al., 2017). When Holstein steers were supplemented with 500 mg/kg
thyme oil or 500 mg/kg cinnamon oil EO over 21 d periods, Khorrami et al. (2015) observed that
DMI, apparent nutrient digestibility, ruminal pH, ammonia concentration, and total VFA
concentration did not differ, though propionate production increased with thyme oil
supplementation (Khorrami et al., 2015). Vakili et al., 2013 reported no differences in DMI,
ADG, ruminal pH or ammonia concentration, total VFA concentration or blood metabolites
when yearling Holstein calves were supplemented with thyme or cinnamon EO for 45 d.
Supplementation of an EO blend (CRINA®) + α-amylase increased DMI and tended to
increase final BW in Nellore feedlot bulls on a low starch diet compared to control bulls fed only
monensin (Acedo et al., 2016). There was no difference in ADG, but gain:feed was lower in EO
and enzyme supplemented bulls compared to monensin supplemented bulls. Nellore steers fed an
EO blend (CRINA®) with or without α-amylase had greater DMI and total nutrient digestible
intake than the control steers fed monensin (Meschiatti et al., 2016). These differences were
likely related to the increase in CP digestibility that was observed for the EO and EO + αamylase treatments compared to the control steers fed monensin.
Steers and heifers receiving a blend of EO (thymol, eugenol, vanillin and limonene) fed
at 2 or 4 g/d tended to have an increase in feed efficiency when dosed at 2 g/d, but exhibited no
other differences in performance (Benchaar et al., 2006). Benchaar et al. (2006) also reported
that steers receiving 2, 3 or 4 g/d for 28 d consumed significantly more feed than steers fed no
EO, with consumption increasing linearly with EO inclusion. Results from a metabolism trial
indicated that EO inclusion tended to quadratically increase N digestibility such that N
digestibility was increased up to 3 g/d, then decreased with inclusion up to 4 g/d.
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Beauchemin and McGinn (2006) observed that the addition of an EO blend (CRINA®)
with spice extract to a 75% barley silage diet did not affect DMI, ADG, ruminal pH, or VFA
profile; however, digestibility of DM, gross energy, NDF and ADF were all decreased with EO
inclusion. Additionally, CRINA® supplementation did not affect methane emissions in this
study.
Inclusion of cinnamaldehyde, eugenol and capsicum oleoresin to feedlot diets of steers
resulted in an increase in ADG over steers fed monensin for d 45-84 of the study, but not for d 144 (Geraci et al., 2012). Treatment did not affect BW, DMI, gain:feed, feeding behavior, fat
thickness or LM area. Ruminal ammonia concentrations decreased in steers fed EO to half that of
monensin supplemented steers and ruminal pH of EO fed steers was lower than that of monensin
fed steers, and propionate concentration was greater in EO fed steers compared to monensin fed
steers.
Bulls supplemented for 55 d with an EO blend containing ricinoleic acid from castor oil
seeds, and anacardic acid, cardanol and cardol from cashew nut shell liquid had increased BW,
ADG and feed efficiency over bulls supplemented with no additives, but exhibited no differences
in DMI (Valero et al., 2014).
Dry matter intake of steers receiving monensin + tylosin was lower than steers receiving
an EO blend (CRINA®; containing thymol, guaiacol, eugenol, vanillin and limonene), or an
experimental mix containing guaiacol, linalool and α-pinene (Meyer et al., 2009). In addition,
gain:feed was greater in steers receiving tylosin compared to steers not fed any additive, with the
EO treatments having an intermediate gain:feed. Yield grade and fat thickness were greater in
the CRINA® + tylosin treatment compared to the other treatments (Meyer et al., 2009). Inclusion
of CRINA® alone, but not the experimental EO mixture, resulted in a 10% non-significant
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decrease in liver abscesses. Only the CRINA® + tylosin and monensin + tylosin treatments
significantly reduced liver abscess prevalence from the control group.
Samii et al. (2016) observed that tylosin inclusion in vivo actually caused an increase of
F. necrophorum in the rumen, which was contrary to the in vitro data in the same experiment and
the majority of literature which shows the ability of tylosin to decrease F. necrophorum
concentrations, and therefore liver abscess prevalence (Nagaraja et al., 1999; Brown and
Lawrence, 2010; Reinhardt and Hubbert, 2015). Limonene inclusion in vivo at 10, 20, 40, and 80
mg/kg of diet DM caused a linear decrease in F. necrophorum concentrations in the rumen,
which would potentially lead to a decrease in liver abscess prevalence in a feedlot trial (Samii et
al., 2016). However, Samii et al. (2016) found that CRINA® (thymol, guaiacol, eugenol, vanillin
and limonene) with added limonene (CRINA-L®) did not decrease F. necrophorum
concentrations in the rumen, though it did cause rumen modification through decreased ammonia
and 3-methyl butyrate concentrations.
Over a 9-week experimental period, supplementation of 1.2 g/d of an EO blend
(CRINA®) to lactating cows increased DMI by 1.9 kg, increased 3.5% fat corrected milk by 2.7
kg/d, and had no impact on milk composition compared to cows not fed EO (Kung et al., 2008).
When an EO blend (CRINA®) was fed for a 4-month period, lactating dairy cows produced 1.6
kg/d more milk, but there were no differences in milk composition or DMI (Varga et al., 2004).
When 350 mg/d of an encapsulated blend of cinnamaldehyde and eugenol was fed to lactating
dairy cows for 6 weeks, DMI, milk yield and protein content of the milk increased (Wall et al.,
2014). Alternatively, when Tekippe et al. (2013) supplemented lactating cows with 525 mg/d of
an essential oil product based on eugenol and cinnamaldehyde, ruminal ammonia and branchedchain VFA concentrations increased in two of three trials, but total VFA concentrations were
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unchanged. Dry matter intake did not differ in any of the three trials, though feed efficiency was
improved in two of three trials, and milk production tended to decrease with EO inclusion in one
of three trials (Tekippe et al., 2013). Milk protein and lactose tended to increase and milk urea
nitrogen increased in two of three trials when cows were supplemented with EO. Apparent totaltract digestibility did not differ but NDF digestibility increased in two trials as a result of EO
supplementation. In one trial, urine and manure ammonia emissions were increased with EO
inclusion.
An EO blend (thymol, guaiacol, eugenol, vanillin, salicylaldehyde and limonene) fed to
transition cows for 3 weeks prior to parturition through 56 d postpartum did not affect rumen
microbiota, DMI, milk yield, milk fat or protein, BW, or body condition score, though there was
a tendency for EO to increase milk urea (Schären et al., 2017). There was also no difference
between EO fed cows and control cows for ruminal pH or VFA concentrations, serum clinical
chemistry or liver variables, such as glucose, fatty acids and triglycerides.
Inclusion of CRINA® resulted in an increase of percent milk lactose in cows fed corn or
alfalfa silage, but there were no other effects on DMI, milk production, milk composition or milk
yield (Benchaar et al., 2007). In addition, total VFA concentration increased with EO inclusion
in alfalfa silage based diets, but decreased in corn silage based diets.
1.4.4.5 Carcass Characteristics and Meat Quality
Supplementing 400, 800 or 1,600 mg/steer daily with cinnamaldehyde did not affect hot
carcass weight, dressing percent, fat thickness, LM area, marbling score or quality grade (Yang
et al., 2010). Supplementation with an EO blend containing ricinoleic acid from castor oil seeds,
and anacardic acid, cardanol and cardol from cashew nut shell liquid increased hot carcass
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weight of bulls compared to bulls not fed an EO blend, but dressing percent, LM area, fat
thickness, marbling or carcass conformation did not differ (Valero et al., 2014).
Meyer et al. (2009) found that supplementation of an EO blend (CRINA®) + tylosin
resulted in greater yield grade and tended to increase fat thickness compared with a no feed
additive control, or supplementation with monensin + tylosin, CRINA® alone, or an experimental
EO blend. The EO blend + tylosin also increased marbling score in carcasses compared with
supplementation of monensin + tylosin, an EO blend alone, or an experimental EO blend. There
were no differences reported for hot carcass weight, dressing percent, kidney-pelvic-heart fat, or
LM area (Meyer et al., 2009).
Rivaroli et al. (2016) found that feeding 3.5 or 7 g/d of a proprietary blend of oregano,
garlic, lemon, rosemary, thyme, eucalyptus and sweet orange to bulls for four months prior to
slaughter had no effect on chemical composition, fatty acid profile, meat color, or water holding
capacity of steaks. The inclusion rate of 3.5 g/d decreased lipid oxidation and a pro-oxidant
effect was seen in animals fed 7.0 g/d when the meat was aged for 14 days. In addition, 3.5 g/d
of the EO blend decreased Warner-Bratzler shear force after 14 d of aging as compared to the
control and 7 g/d treatments.
Monteschio et al. (2017) fed Nellore heifers 4 g/d of rosemary EO, 4 g/d of a blend of
eugenol, thymol and vanillin, 2 g/d of the same EO blend + 2 g/d of clove EO, or 1.33 g/d of the
EO blend + 1.33 g/d of rosemary EO + 1.33 g/d of clove EO for 73 days. Fat thickness,
marbling, LM area, thawing and drip losses and pH were not affected by treatment. After 14 d of
aging, cooking loss and shear force was decreased in steaks from heifers receiving eugenol,
thymol, vanillin, rosemary and clove. The improvement in tenderness may be due to the
improved water holding capacity or a numerically greater fat thickness. The eugenol, thymol and
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vanillin EO blend with or without clove EO increased antioxidant ability in steaks. After 7 and
14 d of aging, steaks from heifers fed diets containing eugenol, thymol, vanillin, with or without
clove EO had lower lipid oxidation, as measured by TBARS. Addition of the rosemary EO also
decreased lipid oxidation in steaks after 7 d of aging. These results suggest that EO have the
potential to maintain or improve meat quality on display for up to 14 d.
In lambs supplemented with cinnamaldehyde, garlic or juniper berry EO, juiciness, lamb
flavor intensity, tenderness and flavor desirability of steaks were not affected by treatment. Offflavor intensity was greater, but overall palatability tended to be more desirable in steaks from
lambs fed cinnamaldehyde (Chaves et al., 2008).
Submersion of frozen then thawed steaks from Angus x Nellore bulls in a solution
containing oregano or rosemary EO decreased purge loss, increased antioxidant activity,
decreased lipid oxidation and increased tenderness after retail display for 1, 7, or 14 d (Vital et
al., 2016). Raw and cooked ground beef treated and homogenized with oregano or sage EO at 1 d
postmortem had decreased lipid oxidation compared to non-treated ground beef during a 12-d
aging period (Fasseas et al., 2007).

1.5 Summary

Respiratory disease remains a significant problem in the feedlot, and warrants additional
research. Cattle receiving yeast cell wall products have the potential to better resist illness when
challenged, but very few studies have investigated the mode of action of YCW products in
receiving beef feedlot cattle. An endotoxin challenge can be utilized to determine an animal’s
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response to a pathogen. We hypothesized that supplementation of Select TC™, a hydrolyzedyeast based solution during the first 56 d of the feedlot period would improve health, intake and
daily gain of steers, and decrease inflammation and immune response during an endotoxin
challenge.
In addition, there is a need to further investigate the effects of supplementing blends of
essential oils on finishing cattle liver abscess prevalence, carcass characteristics and meat quality
in a Midwest feeding scenario. A blend of thymol, eugenol, vanillin, guaiacol and limonene
essential oils has successfully limited growth of F. necrophorum in vitro and has worked in
feedlot research studies conducted in the Great Plains. However, it seems that this EO blend was
not effective at decreasing liver abscesses in a Midwest feedlot scenario. Furthermore, the
continual feeding of essential oils did not affect feedlot cattle performance or carcass
characteristics.
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CHAPTER 2: EFFECT OF SELECT TC™ ON PERFORMANCE AND
HEALTH STATUS OF NEWLY RECEIVED FEEDLOT CATTLE

2.1 Abstract
A two-part experiment was conducted to determine the effects of Select TC™, a
proprietary blend of specialized mannan rich fractions and glucan rich fractions of yeast, on the
health status and performance of steers during the first two months of the feedlot period. Eighty
crossbred steers were acquired from commercial sale barns in Mississippi and Georgia, and
transported to Purdue University. All animals were fed a corn silage based receiving diet, and
were checked and treated daily for respiratory disease as needed following established treatment
protocols. In Exp. 1, 64 steers (246.5 ± 4.7 kg initial BW) were blocked by weight and randomly
allocated to 2 treatments to determine the impact of Select TC™ supplementation on
performance: Control (CON); and Select TC™ (TC) fed at 13 g/hd. Steers in Exp. 1 were housed
in bedded pens with 2 animals/pen. Daily DMI was recorded, and steers were weighed every 14
d to determine performance. In Exp. 2, 16 steers (247.1 ± 5.4 kg initial BW) were similarly
allotted to two treatments (CON and TC), individually penned, and subjected to a
lipopolysaccharide (LPS) endotoxin challenge on d 62 or 63 to determine the animal’s response
to an inflammatory agent. Serum samples and rectal temperatures were taken every half an hour
from -2 to 8 h relative to LPS injection from steers in Exp. 2. Data were analyzed as a complete
randomized block design using the MIXED procedure of SAS. Morbidity and number of animals
treated once or twice did not differ (P ≥ 0.16). Performance characteristics from Exp. 1,
including weight, ADG, DMI and gain:feed, did not differ among treatments (P ≥ 0.32). After
the LPS infusion in Exp. 2, rectal temperatures (P = 0.03) and NEFA concentration (P = 0.04)
were lower in TC steers. Concentrations of serum metabolites, including blood urea nitrogen (P
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= 0.31), glucose (P = 0.70), insulin (P = 0.57) and cortisol (P = 0.77) did not differ by treatment
post-LPS administration. Interleukin-6 concentrations were lower in TC steers post-LPS (P <
0.0001), but interferon-γ concentrations tended to be greater in TC steers post-LPS (P = 0.07).
Cytokine results indicate that TC fed steers have a more efficient response to an immune
challenge through a smaller acute phase response. Hour specific results from this experiment
indicate that Select TC™ improves health and metabolic status of immune challenged cattle, but
this did not result in quantifiable improvements in performance in this study.

2.2 Introduction
The time period associated with a calf entering the feedlot is considered one of the most
stressful succession of events in the beef cattle lifecycle (Duff and Galyean, 2007). During this
time a calf is commingled, subjected to a new host of pathogens, transported and introduced to a
new diet and environment, and potentially weaned, dehorned, castrated, and vaccinated. These
stressors contribute to decreased gastrointestinal tract (GIT) barrier function, which results in an
increased susceptibility to pathogens (Zhang et al., 2013). Therefore, the major goal of the
receiving period is to get calves to eat a maximum amount of feed, thus providing nutrients to
fight disease and to overcome immune challenges from stress.
Antibiotics are frequently used to improve cattle health and performance and/or to treat
sickness, particularly bovine respiratory disease (BRD). However, due to resistance concerns,
public acceptability of antibiotic use is declining. Inclusion of dietary supplements, such as yeast
cell wall (YCW) products, promote innate health of receiving cattle (Broadway et al., 2015),
allowing reduced reliance on antibiotics. Select TC™ (Alltech Inc., Nicholasville, Kentucky) is a
proprietary blend of specialized mannan rich fractions and glucan rich fractions of yeast for
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receiving cattle. The β-glucan layer of the YCW enhances immune function by activating the
binding site for potential pathogens (Underhill and Ozinsky, 2002), allowing the mannoprotein to
bind and clear pathogenic bacteria from the GIT (Spring et al., 2000). These YCW components
can interact with the host’s immune cells and prevent colonization of enteropathogens in the GIT
(Davis et al., 2004). Previous reports have demonstrated that cattle receiving YCW products
have the potential to better respond to illness when challenged (Burdick Sanchez et al., 2013,
2014; Finck et al., 2014). Our hypothesis was that supplementing Select TC™ will improve
health, intake and daily gain in receiving cattle, and will decrease inflammation during an
immune challenge. The objectives of this study were to examine the effect of supplementing
Select TC™ during the first 56 d in the feedlot on morbidity and performance and through d 63
to determine immune status during an endotoxin challenge.

2.3 Materials and Methods
This study was performed at the Purdue University Animal Sciences Research and
Education Center (ASREC) in West Lafayette, IN. All procedures involving animal care and
management were approved by the Purdue University Animal Care and Use Committee and
were in accordance with the Guide for the Care and Use of Agricultural Animals in Agricultural
Research and Teaching (FASS, 2010).
2.3.1 Animals and Diets
Eighty mixed breed steers (246.7 ± 4.9 kg initial BW) were sourced from commercial
sale barns in Georgia and Mississippi and transported approximately 1125 km to the ASREC
Beef Unit at Purdue University in West Lafayette, IN. Due to the nature of the marketing
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channels and transportation, cattle were considered high stress. Within 24 hours of arriving at
ASREC, steers were weighed, ear tagged, allotted to treatments, vaccinated with a clostridial
bacterin toxoid (Vision 7 with SPUR®, Merck Animal Health, Whitehouse Station, NJ) and a
modified live respiratory disease vaccine (INFORCE 3®, Zoetis Animal Health, Florham Park,
NJ), given an injectable mineral (Multimin 90®, Multimin USA, Fort Collins, CO), and received
an anthelmintic (Valbazen®, Zoetis Animal Health, Kalamazoo, MI) and a permethrin pour-on
(Ultra Boss®, Intervet/Merck Animal Health, Summit, NJ). Steers were weighed two consecutive
days, blocked by BW, and allotted to treatments. Scales (Tru-Test XR3000®; Tru-Test Inc.,
Mineral Wells, TX) weighed to the nearest 0.9 kg (< 453.6 kg) or 2.3 kg (> 453.6 kg) and were
checked for accuracy at each weigh date. Steers were placed in an open-sided barn in straw
bedded pens (2.4 x 9.1 m) over a concrete floor.
Treatments consisted of 1) control (CON; no yeast additive), and 2) Select TC™ (TC; 13
g/hd). Treatments were mixed in a ground corn based top-dress, and were delivered to bunks at a
rate of 454 g/hd immediately after delivery of the basal ration. The basal rations were formulated
to meet or exceed NASEM (2016) requirements for protein, vitamins and minerals. Diet I was
fed from d 0-13 and consisted of 48.5% corn silage, 30% DDGS, 15% corn stover, 6% mineral
and 0.5% urea. Diet II was fed from d 14-56 and contained 62.5% corn silage, 30% DDGS, 6%
mineral and 0.5% urea. Due to palatability issues, the corn stover in diet I was replaced with corn
silage in diet II. Diet composition is presented in Table 2.1. The diet was fed once daily at 0900 h
and steers were allowed ad libitum access to feed and water. Daily feed deliveries were adjusted
using a 4-point bunk scoring system (Pritchard, 1993) to allow for ad libitum feed intake with
little or no accumulation of unconsumed feed. Feed delivery was recorded daily for each pen.
Feed samples were collected every two weeks for DM analysis (AOAC, 1990), composited by
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weight, and analyzed by wet chemistry for CP, NDF, NEm, NEg, Ca and P (Cumberland Valley
Analytical Services, Waynesboro, PA).
In Exp. 1, 64 steers (246.5 ± 4.7 kg initial BW) were used to evaluate performance over a
56-d period. Pens contained two steers each. Pens were randomly allotted to treatment with
weight allocated evenly between treatments. Individual BW was collected biweekly. In Exp. 2,
16 steers (247.1 ± 5.4 kg initial BW) were randomly allotted to pens and individually housed to
evaluate their response to a lipopolysaccharide (LPS) challenge at the completion of the study (d
62-63); steers continued to receive their respective treatment through the conclusion of the LPS
challenge. Steers in both experiments were examined daily for signs of respiratory disease,
including nasal or ocular discharge, lethargy, labored breathing, coughing or dehydration. Rectal
temperature and visual evaluation were used by Purdue University veterinary staff to determine
if treatment was necessary. Sensitivity testing was used to determine if tilmicosin (Micotil®,
Elanco Animal Health, Greenfield, IN), enrofloxacin (Baytril®, Bayer Healthcare, Shawnee
Mission, KS) or tulathromycin (Draxxin®, Zoetis Animal Health, Parsippany-Troy Hills, NJ)
should be administered. Banamine® (Merck Animal Health, Kenilworth, NJ) was administered in
conjunction with the treatment when rectal temperature was ≥ 40°C to decrease inflammation
and body temperature. All treatments were recorded to determine respiratory sickness and
treatments rates. Each time a steer was diagnosed and treated for BRD was recorded as one
treatment.
2.3.1.1 Lipopolysaccharide Challenge
On d 62-63, eight steers per day were subjected to a LPS challenge, as described by
Burdick et al. (2011) with modifications. The challenge was chosen to be at the conclusion of the
trial when cattle were not exhibiting clinical signs of disease to reduce potential confounding
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factors. Cattle were restrained in a working chute, and approximately 50 cm sterile polyethylene
tubing (Becton Dickinson and Co., Sparks, MD; 1.19 mm I. D., 1.70 mm O. D.) was inserted
into the jugular vein using a 13-gauge by 8.9 cm stainless steel biomedical needle. Steers were
immediately moved to individual stanchions and were allowed to rest for at least one hour prior
to the first sample collection. Feed and water were offered ad libitium throughout the challenge
period. Lipopolysaccharide (0.5 µg/kg of BW LPS; Escherichia coli O111:B4; Sigma-Aldrich,
St. Louis, MO) was administered at h 0, and blood samples and rectal temperatures were taken
every 0.5 h from -2 to 8 h relative to LPS administration. Rectal temperature was recorded with a
hand thermometer (8 second reading time; ReliOn™, Bentonville, AR) immediately following
blood collection at each sampling point. Prior to each blood sample, 12 mL of fluid was removed
from the catheter line and discarded. Three aliquots (10 mL each) of blood were collected into
serum tubes (BD Vacutainer®; Becton Dickinson, Franklin Lakes, NJ), and allowed to clot for
30-45 minutes at room temperature. Following each sample, 5 mL of saline and 5 mL of
heparinized saline were inserted into the catheter line to replace fluid volume and prevent
clotting in the catheter line. Blood collection tubes were centrifuged at 1,250 x g for 20 min at
4ºC. Serum was recovered, transferred to 5 mL polystyrene tubes and frozen at -20ºC until
analysis. One steer from the CON treatment was removed at h 1.5 due to catheter line failure.
2.3.2 Serum Analyses
All assays were performed in duplicate using serum, with a maximum intra-assay
coefficient of variation (CV) of 10%, and were performed according to the manufacturer’s
instructions. Concentrations of non-esterified fatty acids (NEFA; Wako Diagnostics, Richmond,
VA) and blood urea nitrogen (BUN; Stanbio Laboratory, Boerne, TX) were determined
spectrophotometrically and modified to a 96 well plate. Glucose concentrations were determined
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using a biochemistry analyzer (YSI 2900, Yellow Springs, OH). Insulin (EMD Millipore,
Billerica, MA) and cortisol (ImmuChem Coated Tube, MP Biomedicals, LLC, Solon, OH)
concentrations were determined using RIA kits. Concentrations of IL-6 and IFN-γ were
determined using bovine ELISA reagent kits (Thermo Scientific, Rockford, IL).
2.3.3 Statistical Analysis
Data were analyzed as a complete randomized block design using the MIXED procedure
of SAS 9.4 (SAS Institute Inc., Cary, NC) with treatment, time and treatment x time interactions
included in the model as fixed effects. Pen was included as a random variable for performance
and morbidity data, while animal, location and day were included as random variables for
temperature and serum analyses. Performance and serum data were analyzed using repeated
measures. Pen was the experimental unit in Exp. 1, and individual was the experimental unit in
Exp. 2. Pre-LPS data was used as a covariate for post-LPS analyses. The least square means
(LSMEANS) statement was used to calculate adjusted means. Differences were considered
significant when P ≤ 0.05, and 0.05 > P ≤ 0.10 was considered a tendency.

2.4 Results and Discussion
Select TC™ is a proprietary blend of specialized mannan rich fractions and glucan rich
fractions of yeast. In general, YCW products have greater efficacy than live yeast products due
to the concentration of cellular components (Burdick Sanchez et al., 2014). The β-glucan layer
activates the binding site of pathogens (Underhill and Ozinsky, 2002), allowing the
mannoprotein to bind and clear pathogenic bacteria from the GIT (Spring et al., 2000).
Furthermore, esterified glucomannan, from the YCW, has been shown to bind aflatoxin in dairy
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cows (Diaz et al., 2004) and broiler chickens (Aravind et al., 2003), thereby reducing toxic
effects. Removing pathogens and toxins allows the natural flora of the GIT flourish and helps the
GIT to be more efficient at nutrient digestion and absorption, allowing a greater amount of
nutrients to be available for utilization by the animal (Spring et al., 2015).
2.4.1 Performance
Performance results are presented in Table 2.2. There were no differences in BW, ADG,
DMI or gain:feed (P ≥ 0.32) throughout the duration of the study. A lack of improvement in
ADG in the current study is consistent with most studies that have supplemented yeast and yeastderived products. However, the fact that YCW did not improve DMI in the current study is in
contrast to many studies. Finck et al. (2014) supplemented receiving steers with a live yeast,
YCW or a combination of live yeast and YCW and reported no differences in BW, ADG or
gain:feed for the duration of a 56 d study, but all yeast supplemented groups had significantly
greater DMI compared to control steers. Burdick Sanchez et al. (2014) supplemented receiving
heifers with one of two types of YCW products, and observed no differences in BW or ADG
among treatments for the 52-d study. Source of yeast and YCW products, as well as the
condition of calves when they received these products, likely had an influence on the
effectiveness of the yeast and YCW products. It has been reported that beneficial effects of yeast
product supplementation are more pronounced under stress versus normal conditions (Arambel
and Kent, 1990; Cole et al., 1992). Young et al. (2017) tested three YCW products derived from
S. cerivisiae in feedlot heifers sourced from two sale barns in Texas and observed that heifers
from just one of the sale barns responded to only one of the strains of YCW. In this case, heifers
appeared to be in poorer condition upon arrival and ADG, BW, and DMI were increased for the
first 42 d, final BW at 56 d was improved, and ADG, DMI, and gain:feed after an LPS challenge
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were improved (Young et al., 2017). Martin et al., (2010) reported no differences in veal calf
total BW gain or DMI in mycotoxin contaminated diets. Dry matter intake, however, was
reduced when YCW was introduced into a diet with no mycotoxin contamination, but increased
when YCW was included in a diet that was contaminated with mycotoxins (Martin et al., 2010).
Sánchez-Mendoza et al. (2015) observed that a chromium enriched YCW product
increased ADG and tended to increase DMI during the first 112 d of a trial, but not the last 100 d
or overall compared to no feed additive. Holstein steers supplemented with 0, 195, 390 or 585
mg/kg of enzymatically hydrolyzed YCW + yeast culture for 336 d had increased overall DMI,
ADG and final carcass weight, with maximal supplementation effects observed at 195 mg/kg
YCW (Salinas-Chavira et al., 2017). The inclusion of YCW for the final 55 d in steers fed
zilpaterol hydrochloride resulted in increased carcass adjusted final BW, ADG and gain:feed
from d 21-55, but there were no other differences in performance or carcass characteristics
(Aragon et al., 2016). Performance of steers supplemented with 0, 1, 2 or 3 g/d of an
enzymatically hydrolyzed YCW product for 229 d did not differ over the first 139 d of the trial,
but inclusion of YCW linearly increased DMI and ADG when the 24-h temperature humidity
index averaged 80 from d 139 to harvest (Salinas-Chavira et al., 2015), suggesting that YCW
products may be of greater benefit in cases of high heat.
The mechanism for increased DMI and enhanced performance still has not been fully
elucidated (Finck et al., 2014; Broadway et al., 2015). Calves have natural resistance to
infectious diseases, but require a sufficient nutritional supply to maintain health (Phillips and
VonTungeln, 1985). It is possible that yeast and YCW products influence appetite by decreasing
GIT inflammation caused by LPS endotoxins of gram-negative bacteria naturally present in an
acidic ruminal environment after transition to concentrate rich diets (Gozho et al., 2006; Plaizier
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et al., 2008, 2012). Lei et al. (2013) demonstrated that feeding 2 g/kg of a YCW product
decreased the LPS concentration in blood, ileum, cecum, colon and fecal samples, and elicited a
smaller acute phase response in receiving steers. In addition, apparent digestibility of ADF and
total phosphorus were increased, and ADG and gain:feed was improved. The stress of
transportation and a new environment during the transition to the feedlot often causes depressed
intake, decreasing the supply of nutrients to the body at a time when the calf has high nutrient
demands. This depressed intake magnifies any negative effects of the receiving period on
performance and immune function (Bernhard et al., 2012). Therefore, animals that consume
more feed should be capable of supplying additional energy to immune defenses and remain
healthier.
2.4.2 Morbidity
Yeast and YCW products may improve DMI in cattle as a result of improved health.
Yeast cell wall products act as immunomodulators and can modify biological responses, helping
to alleviate the negative effects of pathogenesis and morbidity (Broadway et al., 2015).
Morbidity results for the present study are presented in Table 2.3. Although total morbidity was
14.9% in TC steers versus 27.8% in CON steers, there was no difference in morbidity between
treatments (P = 0.19). Of the steers treated, 5.0% of CON steers required more than one
treatment, and no TC steers required multiple treatments. The incidences of morbidity requiring
treatment for both CON and TC occurred between d 5 and d 21 of the study.
Incidence of sickness was low in the current study (21.4%) compared to the 42.6%
average in a study comparing supplementation of live yeast, YCW or a combination of both in
high stress cattle purchased at a sale barn (Finck et al., 2014). Finck et al. (2014) also reported
that 10.0% of all cattle required treatment twice, 7.8% required treatment three times, and that
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there was a 4% mortality rate. Keyser et al. (2007) found no differences in sickness between
newly received beef heifers fed live yeast or not, with morbidity rates of 33.1% and 40.2%,
respectively. Comparable to the current study, Buntyn et al. (2016a) also observed very low
morbidity rates when control steers were compared to steers supplemented with an active yeast
product for either 28 d or the entire feeding period. Alternatively, newly received steers
supplemented with 0.5, 1.0, 3.0 or 5.0 g/d of an active dry yeast for 32 d had a linear increase in
morbidity rates compared to steers not receiving yeast (Buntyn et al., 2016b). The lower
proportion of dietary concentrates in the present study and other studies may be a contributing
factor that impacts morbidity rates. Diets containing higher proportions of concentrate seem to
lead to a greater incidence and severity of respiratory disease (Galyean et al., 1999). Diets
containing up to 88% concentrate were fed in Finck et al. (2014), whereas rations contained a
maximum of 62% concentrate in the present diet. Buntyn et al. (2016a) fed a diet of 30% alfalfa,
30% dry rolled corn, and 36% wet corn gluten feed during the receiving period.
2.4.3 Lipopolysaccharide Challenge
Lipopolysaccharide challenges can be utilized to model gram-negative bacterial
infections, as they result in the disturbance of carbohydrate, protein, and fat metabolism (Lohuis
et al., 1988; Steiger et al., 1999). Administration of LPS causes immunological stress evidenced
by increased secretion of IL-6, tumor necrosis factor and cortisol, and leads to increases in
protein degradation (Webel et al., 1997). In cattle, prolonged, low-dose LPS administration
results in an overall increase in rectal temperature and an initial stress response with increases in
glucose and cortisol, which is followed by an energy deficit with low glucose and enhanced
lipolysis (Steiger et al., 1999).
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2.4.3.1 Rectal Temperature
Fever occurs as an element of the acute-phase response to infection and has been
associated with shortened disease duration (Hasday et al., 2000). Increases in rectal temperature
serve as an immediate indicator of potential disease or illness (Duff and Galyean, 2007). In the
present study, there was a 0.7-1.2ºC increase in rectal temperature (Fig. 2.1) when LPS was
administered as the body recognized and reacted to an endotoxin. Rectal temperature did not
differ (P = 0.28) prior to LPS administration, but was lower in TC steers throughout the LPS
challenge (treatment P = 0.03). The peak temperature was achieved at 4 h post-LPS and tended
(P = 0.07) to be lower for TC steers. Rectal temperature at individual time points (h 2.5-3.5 and h
4.5-5.5) was lower (P ≤ 0.05) for TC steers. By 6 h post-LPS there were no differences (P >
0.15) between treatments. The lower temperature response of steers receiving TC is similar to
other studies in which cattle were supplemented with YCW products (Burdick Sanchez et al.,
2013; Finck et al., 2014). The decrease in rectal temperature in TC steers signifies a decrease in
inflammation and heat production in response to a pathogen, suggesting that yeast supplemented
steers were immunologically more competent to handle a disease challenge.
2.4.3.2 Metabolites and Hormones
During an immune response, energy is shifted to a catabolic state where lipids and
proteins are broken down to provide energy for defenses, with adipose tissue generally serving as
the primary source for energy (Elsasser et al., 2008). Adipose tissue catabolism can be
determined by analyzing serum for NEFA concentration, whereas amino acid catabolism can be
determined by analyzing serum for BUN concentrations (Ellenberger et al., 1989), and both
serve as indicators of energy mobilization (Buntyn et al., 2016a). An increase in either NEFA or
BUN concentrations is unfavorable, as it represents an increase in lipid and protein breakdown.
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Select TC™ administration did not affect NEFA concentrations (Fig. 2.2) prior to the LPS
challenge (P = 0.42), but lowered serum NEFA after LPS administration (P = 0.04). From h 5.5
to 7.5 CON steers had greater (P ≤ 0.04) NEFA concentrations. Serum concentrations of BUN
(Fig. 2.3) did not differ prior to (P = 0.32) or after LPS infusion (P = 0.31). However, steers
receiving TC had elevated BUN concentrations at h 3.5 and 4.5 (P ≤ 0.04), and tended to have
elevated BUN at h -1.5 (P = 0.06). It is unclear why Select TC™ had opposing effects on
adipose and protein catabolism. There is evidence in swine suggesting that skeletal muscle
protein degradation occurs as either a direct or indirect result of cytokine synthesis during a LPS
challenge (Webel et al., 1997). Burdick Sanchez et al. (2014) observed that one YCW product
did not affect serum NEFA, but increased serum BUN concentrations, while a second YCW
product decreased serum NEFA, with similar serum BUN concentrations compared to CON.
Alternatively, Buntyn et al. (2016a) observed that supplementation of an active dried yeast
decreased both serum NEFA and BUN concentrations in steers during an LPS challenge,
suggesting supplemented steers required less energy to mount an immune response.
Concentrations of glucose (Fig. 2.4) did not differ by treatment either before (P = 0.33) or
after (P = 0.70) the LPS infusion. There tended to be a treatment x time interaction for glucose
prior to the LPS infusion (P = 0.07). There was no treatment x time interaction for serum glucose
after the LPS infusion (P = 0.16). However, there were differences between treatments at
specific time points. At h 0.5, glucose concentrations were greater (P = 0.04) in CON steers, but
at h 2.5 concentrations were greater (P = 0.01) in TC steers. The glucose results are consistent
with the insulin (Fig. 2.5) results. Concentrations of serum insulin did not differ by treatment
either before (P = 0.61) or after (P = 0.57) the LPS infusion. Insulin concentration peaked at h
2.5 and returned to baseline concentrations by h 5 post-LPS. Glucose is an important energy
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source for the body during the immune response, and has been cited as the most important fuel
for lymphocytes (Newsholme, 2001; Calder et al., 2007). Through glucose metabolism,
substantial quantities of NADPH can be generated for immune cell function (Calder et al., 2007).
When subjected to an endotoxin challenge, the animal often enters a hyperglycemic state in
which more glucose is produced than utilized (Lang et al., 1985; Steiger et al., 1999). A state of
hyperglycemia may have pro-inflammatory effects, and insulin may have anti-inflammatory and
immune promoting effects (Calder et al., 2007). In addition, insulin has been reported to
modulate the immune response both directly and indirectly through signal transduction and
proliferative responses on immune cells (Strom et al., 1975; Helderman, 1981). Shortly after the
animal enters a hyperglycemic state, the animal switches to a hypoglycemic state as more
glucose is utilized than what is available for use in the body, though this is time-dependent on
hepatic glycogen stores (Lang et al., 1985). In contrast to the present study, Burdick Sanchez et
al. (2014) reported that two different YCW products increased serum insulin concentrations and
one of them decreased serum glucose concentrations after an LPS infusion. Buntyn et al. (2016a)
reported increased concentrations of glucose both before and after an LPS infusion in steers
supplemented with an active dried yeast compared to steers not supplemented with yeast.
Cortisol serves as the primary hormone responsible for the stress response. It prevents
hyper-inflammation caused by over production of pro-inflammatory cytokines (Roth and
Kaeberle, 1982), and is partially responsible for alterations in the metabolism of carbohydrates,
protein and lipids in mammals (Baird and Heitzman, 1971; Renaville et al., 2002). In the current
study, concentrations of cortisol began increasing immediately following LPS administration at h
0 and had not returned to baseline concentrations by 8 h post-LPS administration (Fig. 2.6).
There were no differences in cortisol concentrations prior to (P = 0.79) or after the LPS infusion
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(P = 0.77) due to treatment. This is in contrast with other studies where yeast and yeast products
decreased cortisol concentrations after an LPS infusion (Burdick Sanchez et al., 2013; Buntyn et
al., 2016a,b). Differences in cortisol response may be due to sex, breed or existing immune status
prior pathogen exposure (Arthington et al., 2003; Burdick Sanchez et al., 2013).
2.4.3.3 Cytokines
The three primary pro-inflammatory cytokines (IL-6, IL-1, and tumor necrosis factor) are
responsible for the initiation of the acute-phase response in the body following infection and
cause the body to develop a fever and inflammation. Supplementation of TC decreased (P <
0.0001) serum concentrations of IL-6 after a LPS infusion (Fig. 2.7). Concentrations of IL-6
tended to be lower in TC steers specifically at h 5.5 and 6.5 (P = 0.10). Interferon-γ is a cytokine
with immunostimulatory and immunomodulatory effects, leading to greater activity of natural
killer cells and enhanced stimulation of macrophages (Schroder et al., 2004). Concentrations of
IFN-γ tended to be greater (P = 0.07) in TC steers than in CON steers (Fig. 2.8) after an LPS
infusion. Specifically, at h 3-4 and h 6, TC steers had lower (P ≤ 0.05), and at h 5, 5.5 and 6.5
tended (P ≤ 0.09) to have lower serum IFN-γ concentrations. The secretion of IL-6 is linked to
increases in core body temperature, which is consistent with the temperature data, in which both
rectal temperature and IL-6 concentrations were elevated in CON compared to TC steers.
Burdick Sanchez et al. (2013) observed that supplementing with YCW products decreased serum
IL-6 concentrations, but had no effect on serum IFN-γ. Buntyn et al. (2016a) found no
differences in serum IL-6, but an increase in serum IFN-γ in steers supplemented with an active
dried yeast compared with non-supplemented steers. Buntyn et al. (2016b) reported that serum
concentrations of both IL-6 and IFN-γ were lower in steers receiving 5.0 g/d of a live yeast
compared with steers that were not fed yeast. A trial in mice designed to correlate cytokines
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responsible for modulating innate immunity found there was no correlation between IL-6
antibodies and IFN-γ production after a LPS challenge (Varma et al., 2002).
There has been evidence that an increase in cytokine concentrations is correlated to
increased protein catabolism in swine (Webel et al., 1999) and IL-6 is associated with increases
in tissue degradation, energy mobilization, fever, and a decrease in voluntary feed intake
(Johnson, 1997). Decreases in IL-6 may explain why cattle that are fed yeast and YCW products
often have a greater DMI compared to cattle not fed yeast and YCW products. The lower IL-6
concentrations in TC steers indicates the ability to fight the same disease challenge with a
smaller stress response. Interferon-γ is known for its ability to interfere with virus multiplication,
and has antimicrobial and antiviral activity (Samuel, 2001; Shtrichman and Samuel, 2001).
Humans unable to produce IFN-γ are more vulnerable to mycobacterial infections (Ottenhoff et
al., 2000), and mice with a disrupted IFN-γ gene cannot control disease and are subject to tissue
destruction (Flynn et al., 1993). Interferon-γ is an important mediator of macrophage activation
and contributes to the resistance of intracellular pathogens (Flynn et al., 1993). The increase in
serum IFN-γ concentrations in TC relative to CON steers in the present study suggests that TC
supplemented steers had a stronger pro-inflammatory response, which may allow for a greater
ability to fight disease through identification and elimination of pathogens.
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2.5 Conclusion
Supplementation of newly-received feedlot steers with Select TC™, a YCW product,
decreased IL-6, rectal temperature, and fat catabolism in steers after an LPS challenge; however,
TC supplementation did not alter performance or morbidity. These results suggest that Select
TC™ supplementation may enhance overall health status and allow cattle to better respond to
stress, though supplementation did not translate into increased performance in this study. Further
research may be warranted on the effects of YCW on intestinal health.
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2.7 Tables and Figues

Table 2.1. Diet composition.
Ingredients, % DM basis
Corn silage, %
DDGS, %
Corn stover, %
Mineral premix, %3
Urea, %
Nutrient composition, DM basis
DM, %
CP, %
NDF, %
NEm, Mcal/kg
NEg, Mcal/kg
Ca, %
P, %
1

Diet I1
48.5
30.0
15.0
6.0
0.5

Diet II2
63.5
30.0
0.0
6.0
0.5

84.2
14.9
44.2
1.60
1.02
1.22
0.47

71.8
15.2
38.9
1.69
1.10
1.20
0.48

Diet I was fed from d 1-13
Diet II was fed from d 14-56
3
Vitamin/mineral pre-mix contained (DM basis): 18.25% Ca,
0.44% Mg, 1.32% K, 0.18% S, 3.43 ppm Co, 183.33 ppm Cu,
9.66 ppm I, 522.90 ppm Fe, 440.41 ppm Mn, 4.48 ppm Se,
563.91 ppm Zn, 42.19 IU/g vitamin A, 4.98 IU/g vitamin D,
0.155 IU/g vitamin E, 413.6 ppm Rumensin® (176.4 g/kg,
Elanco Animal Health, Indianapolis, IN).
2
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Table 2.2. Effect of Select TC™ on growth performance in a 56-d receiving period in
feedlot steers in Exp. 1.
Treatment1
Item
CON
TC
SE
P-value
Weight, kg
Day 0
246.2
246.8
4.74
0.93
Day 28
268.5
271.4
4.74
0.67
Day 56
301.7
301.7
4.74
0.99
ADG, kg/d
Day 0 to 28
0.79
0.88
0.073
0.43
Day 29 to 56
1.19
1.08
0.073
0.32
Day 0 to 56
0.99
0.98
0.073
0.91
DMI, kg
Day 0 to 28
3.4
3.5
0.21
0.70
Day 29 to 56
5.9
5.9
0.21
0.93
Day 0 to 56
4.6
4.6
0.21
0.86
Gain:Feed
Day 0 to 28
0.227
0.246
0.0175
0.45
Day 29 to 56
0.199
0.184
0.0112
0.35
Day 0 to 56
0.216
0.209
0.0063
0.49
1
CON = control (no feed additives); TC = 13 g/steer Select TC™ (Alltech Inc.,
Nicholasville, KY)
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Table 2.3. Effect of Select TC™ on respiratory treatment rates in a 56-d
receiving period in feedlot steers.
Treatment1
Item

TC
CON
SE
P-value
Treated Once, %
23
15
6.4
0.40
Treated Twice, %
5
0
2.5
0.16
Total Morbidity, %
28
15
6.9
0.19
1
CON = control (no feed additives); TC = 13 g/steer Select TC™ (Alltech
Inc., Nicholasville, KY)
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Figure 2.1 Rectal temperature in response to a lipopolysaccharide challenge (LPS; 0.5 µg/kg
body weight) at time 0 h in receiving steers. Diets included no feed additive (CON; n = 8) and
Select TC™ (TC; n = 8), a mannan and glucan rich yeast fraction. Data are presented as least
square means ± SEM. Pre-LPS treatment P = 0.28; Pre-LPS treatment x time P = 0.57; Post-LPS
treatment P = 0.03; Post-LPS treatment x time P = 0.82.
*Denotes P ≤ 0.05; †Denotes 0.05 < P ≤ 0.10.
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Figure 2.2. Serum concentrations of non-esterified fatty acids in response to a lipopolysaccharide
challenge (LPS; 0.5 µg/kg body weight) at time 0 h in receiving steers. Diets included no feed
additive (CON; n = 8) and Select TC™ (TC; n = 8), a mannan and glucan rich yeast fraction. Data
are presented as least square means ± SEM. Pre-LPS treatment P = 0.42; Pre-LPS treatment x
time P = 0.57; Post-LPS treatment P = 0.04; Post-LPS treatment x time P = 0.26.
*Denotes P ≤ 0.05.
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Figure 2.3. Serum concentrations of blood urea nitrogen in response to a lipopolysaccharide
challenge (LPS; 0.5 µg/kg body weight) at time 0 h in receiving steers. Diets included no feed
additive (CON; n = 8) and Select TC™ (TC; n = 8), a mannan and glucan rich yeast fraction.
Data are presented as least square means ± SEM. Pre-LPS treatment P = 0.32; Pre-LPS treatment
x time P = 0.29; Post-LPS treatment P = 0.31; Post-LPS treatment x time P = 0.51.
*Denotes P ≤ 0.05; †Denotes 0.05 < P ≤ 0.10.
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Figure 2.4. Serum concentrations of glucose in response to a lipopolysaccharide challenge (LPS;
0.5 µg/kg body weight) at time 0 h in receiving steers. Diets included no feed additive (CON;
n = 8) and Select TC™ (TC; n = 8), a mannan and glucan rich yeast fraction. Data are presented
as least square means ± SEM. Pre-LPS treatment P = 0.33; Pre-LPS treatment x time P = 0.07;
Post-LPS treatment P = 0.70; Post-LPS treatment x time P = 0.16. *Denotes P ≤ 0.05.

Insulin (ng/mL)

87

180
160
140
120
100
80
60
40
20
0

CON
TC

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8
Time relative to LPS administeration (h)
Figure 2.5. Serum concentrations of insulin in response to a lipopolysaccharide challenge (LPS;
0.5 µg/kg body weight) at time 0 h in receiving steers. Diets included no feed additive (CON; n =
8) and Select TC™ (TC; n = 8), a mannan and glucan rich yeast fraction. Data are presented as
least square means ± SEM. Pre-LPS treatment P = 0.61; Pre-LPS treatment x time P = 0.67;
Post-LPS treatment P = 0.57; Post-LPS treatment x time P = 0.99.
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Figure 2.6. Serum concentrations of cortisol in response to a lipopolysaccharide challenge (LPS;
0.5 µg/kg body weight) at time 0 h in receiving steers. Diets included no feed additive (CON; n =
8) and Select TC™ (TC; n = 8), a mannan and glucan rich yeast fraction. Data are presented as
least square means ± SEM. Pre-LPS treatment P = 0.79; Pre-LPS treatment x time P = 0.99;
Post-LPS treatment P = 0.77; Post-LPS treatment x time P = 0.99.
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Figure 2.7. Serum concentrations of interleukin-6 in response to a lipopolysaccharide challenge
(LPS; 0.5 µg/kg body weight) at time 0 h in receiving steers. Diets included no feed additive
(CON; n = 8) and Select TC™ (TC; n = 8), a mannan and glucan rich yeast fraction. Data are
presented as least square means ± SEM. Post-LPS treatment P = <0.0001; Post-LPS treatment x
time. P = 0.99. †Denotes 0.05 < P ≤ 0.10.
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Figure 2.8. Serum concentrations of interferon-γ in response to a lipopolysaccharide challenge
(LPS; 0.5 µg/kg body weight) at time 0 h in receiving steers. Diets included no feed additive
(CON; n = 8) and Select TC™ (TC; n = 8), a mannan and glucan rich yeast fraction. Data are
presented as least square means ± SEM. Post-LPS treatment P = 0.07; Post-LPS treatment x time
P = 0.70. *Denotes P ≤ 0.05; †Denotes 0.05 < P ≤ 0.10.
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CHAPTER 3: EFFECT OF ESSENTIAL OILS ON PERFORMANCE,
LIVER ABSCESSES, CARCASS CHARACTERISTICS AND MEAT
QUALITY IN FEEDLOT STEERS

3.1 Abstract
Use of antibiotics for liver abscess prevention has been changed by the implementation of
the Veterinary Feed Directive. Essential oils (EO) are secondary metabolites derived from plants
that have antimicrobial properties that may prevent liver abscesses. Seventy-two crossbred steers
(358 ± 7.6 kg initial BW) were blocked by weight and breed composition and randomly allocated
to 3 treatments (4 pens/treatment, 6 steers/pen) to determine the effects of an EO blend or tylosin
on performance, liver abscesses, carcass characteristics and meat quality. Treatments were
delivered in a premix with dried distillers grains with solubles (DDGS) that were top-dressed
daily at a rate of 454 g/steer daily (CON: no additives, TYL: 90 mg/steer daily tylosin, and EO: 1
g/steer daily essential oil blend). The basal diet contained (DM basis) 54% cracked corn, 26%
DDGS, 14% corn silage and 6% supplement. Steers were slaughtered at two different time points
when a target weight of 624 kg was achieved. Longissimus lumborum muscle samples were
taken caudal from the last rib on the right side of each carcass for pH, tenderness, purge and cook
loss, and lipid oxidation analyses. Statistical analyses were conducted using the MIXED
procedure of SAS. Performance characteristics, including weight, ADG, DMI and gain:feed, did
not differ among treatments (P ≥ 0.54). Similarly, no differences were observed in carcass
characteristics (P ≥ 0.19). Steers fed EO tended to have an increased prevalence of liver
abscesses in the A category (P = 0.10) as compared to CON and TYL. Purge loss was decreased
(P = 0.02) for EO steaks compared to CON and TYL, but there were no differences in cook loss,
Warner-Bratzler shear force, pH or lipid oxidation among treatments (P ≥ 0.32). In conclusion,
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an EO blend or tylosin in the diet of finishing steers did not affect growth performance or carcass
characteristics, and little difference was observed in liver abscess data or meat quality attributes.

3.2 Introduction
Liver abscesses can decrease performance and result in excess trim loss (Brink et al.,
1990; Fox et al., 2009; Rezac et al., 2014). Industry-wide, 10-20% of feedlot cattle develop liver
abscesses (Harman el al., 1989; Brown and Lawrence, 2010) and their economic impact is
estimated to be $23 million annually (Brown and Lawrence, 2010; Reinhardt and Hubbert,
2015). Liver abscesses result from damage to the rumen epithelium, which allows pathogens and
their toxins to penetrate into portal circulation and infect the liver. Fusobacterium necrophorum
and Actinomyces pyogenes are the main two species of bacteria that cause liver abscesses
(Nagaraja and Chengappa, 1998). Cattle become more susceptible to forming abscesses as body
weight and days on feed increase (Nagaraja et al., 1996).
Essential oils (EO) are naturally occurring, secondary plant metabolites that can be steam
volatilized or extracted from plants using organic solvents (Calsamiglia et al., 2007). Examples
of EO include thymol, limonene, eugenol, vanillin, cinnamaldehyde, and capsaicin. Collectively,
EO have antimicrobial, analgesic, anti-inflammatory and antioxidant effects, and the ability to
alter ruminal metabolism (Meyer et al., 2007; Bakkali et al., 2008; Benchaar et al., 2008). The
mechanism of action of EO is dependent on the chemical composition, with the location of the
functional group of the molecule affecting antimicrobial activity. Terpenoid compounds act on
the cell membrane by inhibiting electron and protein transport and phosphorylation reactions
(Dorman and Deans, 2000), while EO with phenolic structures cause energy depletion in gramnegative bacteria, leading to the restriction of cell membrane activity (Helander et al., 1998).
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Limonene and thymol have effectively inhibited the growth of F. necrophorum in vitro
(Elwakeel et al., 2013; Samii et al., 2016) and an EO blend containing both limonene and thymol
had a promising impact on liver abscess prevalence in feedlot cattle (Meyer et al., 2009). Meyer
et al. (2009) also observed that inclusion of EO + tylosin increased gain:feed and yield grade in
feedlot cattle compared to inclusion of no feed additives. Geraci et al. (2012) reported that steers
fed cinnamaldehyde, eugenol and capsicum oleoresin had increased ADG compared to steers fed
monensin during the last six weeks, but not the first six weeks in the feedlot, and found no
difference in BW, DMI, gain:feed, fat thickness or LM area. Other blends of EO have had a
positive impact on oxidation and tenderness characteristics of beef (Rivaroli et al., 2016;
Monteschio et al., 2017). However, each EO functions differently, and their ability to enhance
cattle production is dependent on diet (Khiaosa-ard and Zebeli, 2013). Thus, there is a need to
determine if EO blends are effective in Midwest feedlot scenarios. Based on the known
antimicrobial properties of EO and their potential impact on animal performance, we
hypothesized that a specific blend of EO would improve feedlot cattle performance, decrease the
incidence of liver abscesses, and improve meat quality.

3.3 Materials and Methods
This study was performed at the Purdue University Animal Sciences Research and
Education Center (ASREC) in West Lafayette, IN. All procedures involving animal care and
management were approved by the Purdue University Animal Care and Use Committee and
were in accordance with the Guide for the Care and Use of Agricultural Animals in Agricultural
Research and Teaching (FASS, 2010).
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3.3.1 Animals and Diets
Seventy-two Simmental-Angus crossbred yearling steers (358 ± 7.6 kg initial BW) were
sourced from two Purdue University Agricultural Centers and utilized in a 167-d finishing trial to
determine the effect of EO on performance and carcass characteristics. Prior to the study, calves
were vaccinated against Haemophilus somnus (Somubac®; Zoetis Animal Health, Parsippany,
NJ) and Mannheimia haemolytica, Pasteurella multocida bovine rhinotracheitis, bovine diarrhea,
parainfluenza-3, and bovine respiratory syncytial viruses (Vista Once SQ®; Merck Animal
Health, Kenilworth, NJ). At the initiation of the study, cattle were weighed on 2 d to determine
initial BW, implanted with Revalor-XS® (Merck Animal Health, Kenilworth, NJ), blocked by
BW and breed composition, and randomly assigned to treatments (4 pens per treatment; 6 steers
per pen). Weight blocks consisted of light and heavy groups. Steers were penned in 6.1 m x 3.3
m pens in a curtain-sided barn with slatted concrete floors and 122 cm of bunk space per animal.
Steers remained in the same pens for the duration of the study.
Steers were transitioned from a 46% forage based diet to a 93% concentrate diet on d 1.
The basal diet consisted of 54% dry rolled corn, 26% DDGS, 14% corn silage and 6% mineral
pre-mix (Table 3.1). Diets were formulated to meet or exceed NRC (1996) requirements for
nutrients. Pens were randomly allotted to one of three treatments: 1) the control diet containing
no tylosin or essential oils (CON); 2) tylosin (Tylan®; Elanco Animal Health, Indianapolis, IN)
fed at a rate of 90 mg/hd (TYL); or 3) essential oils (CRINA®; DSM Nutritional Products,
Parsippany, NJ) fed at a rate of 1 g/hd (EO). The EO mixture was a proprietary blend of essential
oils (thymol, eugenol, vanillin, guaiacol and limonene) with an organic carrier. Treatments were
delivered to pens daily immediately following feed delivery in a DDGS based top-dress (454
g/steer) that contained the desired treatment amounts.
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Intake was limited to 6.8 kg/steer at the initiation of the study, and was increased
gradually until ad libitum consumption was achieved, which took approximately 2 weeks. Total
mixed rations were fed once daily at 0800 h and daily feed deliveries were adjusted using a 4point bunk scoring system (Pritchard, 1993) to allow for ad libitum feed intake with little or no
accumulation of unconsumed feed. Feed delivery was recorded daily for each pen. Optaflexx®
(Elanco Animal Health, Greenfield, IN) was fed in a ground corn top-dress to deliver 300 mg/hd
for the last 42 d prior to slaughter. Feed samples were collected biweekly and oven dried at 55ºC
for 48 h for DM analysis (AOAC, 1990). Feed samples collected from the duration of the trial
were composited by weight, and analyzed by wet chemistry for CP, NDF, ADF, and minerals
(Cumberland Valley Analytical Services, Waynesboro, PA).
Steers were weighed monthly prior to feeding to determine BW and ADG. Scales (TruTest XR3000®; Tru-Test Inc., Mineral Wells, TX) weighed to the nearest 0.9 kg (< 453.6 kg) or
2.3 kg (> 453.6 kg) and were checked for accuracy at each weigh date. Average daily gain, dry
matter intake, and gain:feed were calculated for d 0-83 (phase 1), d 84-151 (phase 2) and d 0151. Average daily gain was determined by the difference between final and initial BW divided
by the number of days on feed. Gain:feed was determined by dividing ADG by DMI. Two steers
from the EO treatment were removed from the trial and not included in the analysis.
3.3.2 Carcass Data and Meat Quality
Steers were transported 400 km to a USDA inspected commercial packing facility (Tyson
Foods, Joslin, IL), and harvested at an average pen weight of 624 kg. Hot carcass weight and
liver abscesses scores were determined immediately after evisceration. Fat thickness, kidneypelvic-heart fat, LM area, marbling, and USDA quality and yield grades were determined by
qualified personnel 24 h after slaughter. Liver abscesses were scored using the following system:
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A- = 1 or 2 small abscesses or abscess scars; A = 2 to 4 small well-organized abscesses
(moderately severe); and A+ = 1 or more large or active abscesses with or without adhesions
(severe; Brink et al., 1990). Longissimus lumborum muscle samples were collected caudal from
the last rib on the right side of each carcass. Muscle samples were transported on ice to the meat
laboratory at Purdue University, where they were cut into 2.54 cm thick steaks and vacuum
packaged. Steaks were aged for 14 days before freezing (-20°C) and subsequent analysis of
purge loss, cook loss and Warner-Bratzler shear force (WBSF). Additional muscle samples were
either frozen (-20°C) immediately (d 3 post-slaughter) or after 21 d of aging for pH and lipid
oxidation determination.
Purge/thaw loss was measured as the difference in weight of steaks prior to freezing and
after thawing for 24 h at 2-3°C. Warner-Bratzler shear force was determined according to
standards to the American Meat Science Association (AMSA, 1995). Steaks were thawed and
cooked on an electric clam shell grill (Griddler Deluxe®; Cuisinart, East Windsor, NJ) until an
internal temperature of 71°C was achieved. After cooking, excess moisture was blotted from the
steak surface and cook loss was determined as the difference between thawed and cooked steak
weights. Steaks were chilled at 2-3°C for 24 hours prior to tenderness analysis. Six cores (1.27
cm diameter) were removed parallel to the muscle fiber from each steak, and sheared in the
center perpendicular to the muscle fibers using a Warner-Bratzler shear force apparatus (V-notch
blade) connected to an TA-XT Plus texture analyzer (Stable Micro System Ltd., United
Kingdom). Peak shear force measurements of six replicates per steak were averaged to obtain a
WBSF value for each steak.
Lipid oxidation was determined by analyzing samples for 2-thiobarbituric acid reactive
substances (TBARS) following a procedure modified from Jang et al. (2008). Briefly, 5 g of
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sample was weighed into a conical tube, to which 15 mL of deionized distilled water and 100 µL
of butylated hydroxyanisole (BHA; 10% BHA:90% ethanol) were added. Sample pH was
recorded after homogenization with water and before BHA was added. A 1 mL subsample of
homogenate was transferred to a test tube, and 2 mL of a solution (20 mM thiobarbituric acid and
15% trichloroacetic acid in deionized distilled water) was added. The tubes were vortexed,
submerged in a boiling water bath for 15 min, then an ice bath for 10 min, and vortexed again.
Samples were centrifuged at 2000 x g for 10 min at 25°C, the supernatant was filtered, and a
portion was transferred to a 96-well plate. The absorbance was read at 531 nm, and TBARS were
calculated and expressed as mg malondialdehyde (MDA) per kg meat.
3.3.3 Statistical Analysis
Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) as a
randomized complete block design with pen as the experimental unit. The model included the
random effects of block and pen nested within treatment, and the fixed effects of treatment, day
and treatment x day. Performance was analyzed as repeated measures by comparing four
covariance structures for each variable (compound symmetry, autoregressive order 1,
heterogeneous autoregressive order 1 and unstructured), with the structure yielding the smallest
Bayesian information criterion being selected for use. Carcass and meat quality data included
pen nested within treatment as a random effect and treatment as a fixed effect. The adjusted
means for dietary treatments were calculated using the least squares means (LSMEANS)
statement. Treatment effects were declared significant at P < 0.05, and trends were discussed at
0.05 ≤ P ≤ 0.10.
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3.4 Results and Discussion
3.4.1 Performance
Performance results are presented in Table 3.2. Weight, ADG, DMI, gain:feed and days
on feed did not differ among treatments (P ≥ 0.54), demonstrating that this blend of EO did not
impact performance in finishing steers. Supplementation of EO has had a mixed impact on
performance variables of beef cattle. Due to differences in structure, EO vary in efficacy when
used singularly or in combination with one another, demonstrating synergistic and antagonistic
effects (Benchaar et al., 2008; Rivaroli et al., 2016). For example, the primary EO in oregano are
thymol and carvacrol, but oregano as a compound has greater antimicrobial activity than either
thymol or carvacrol alone (Lambert et al., 2001). Therefore, to utilize additive properties of EO,
EO blends have been created as commercial products. However, the efficacy of EO is variable
with respect to the diet the animal is fed, ruminal pH, antagonistic effects of certain EO, a
variable optimum dose and ability of ruminal microbes to adapt to EO. Newbold et al. (2004)
demonstrated that in situ ruminal degradation of soybean meal N was inhibited with EO
supplementation (CRINA®) in sheep, whereas degradation of heat-treated rapeseed meal or hay
was not affected. Additionally, inclusion of an EO blend (CRINA®) inhibited in situ DM and CP
degradation in heifers fed high concentrate diets compared to heifers fed low concentrate diets
(Molero et al., 2004). Benchaar et al. (2007) reported that total VFA concentration increased
with EO inclusion in alfalfa silage based diets, but decreased in corn silage based diets.
Cinnamaldehyde decreased total VFA concentration, increased branched-chain VFA
concentrations, increased the acetate:propionate ratio, and decreased ammonia N concentration at
a pH of 7.0 in vitro; however, at a pH of 5.5, cinnamaldehyde supplementation increased total
VFA concentration, decreased branched-chain VFA concentrations, decreased the
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acetate:propionate ratio and decreased ammonia N concentration (Cardozo et al., 2005). A
decrease in pH causes acids to become more undissociated and more hydrophobic, thereby
making it easier for acids to interact with cell membranes and thus increasing the antimicrobial
effect of EO (Cardozo el al., 2005). This suggests that certain EO may be more potent and
beneficial when fed to cattle receiving concentrate based rations where rumen pH is low.
Altough the EO blend in the present study was supplemented as the recommended dose, there is
a possibility that the dose or blend was not optimal in this particular feedlot scenario.
Meyer et al. (2009) reported that steers fed an EO blend (CRINA®, containing thymol,
eugenol, vanillin, guaiacol and limonene), an experimental EO mix (guaiacol, linalool and αpinene), or CRINA® + tylosin had greater intake compared to steers fed monensin + tylosin;
however, none of the diets containing EO blends impacted BW or ADG compared to a control
diet that contained no feed additives. Gain:feed was lowest for cattle not fed a feed additive and
greatest in the two treatments that received tylosin; cattle fed the two EO treatments had
intermediate gain:feed that did not differ from the control or from cattle fed monensin + tylosin.
Benchaar et al. (2006) observed that steers and heifers receiving a blend of EO (thymol, eugenol,
vanillin and limonene) tended to have greater gain:feed when dosed at 2 g/d, but not when dosed
at 4 g/d, and no other differences in performance were noted. In a second experiment, 2, 3 or 4
g/d of the same EO blend fed to steers for 28 d linearly increased DMI compared to steers not
fed EO. Results from a metabolism trial indicated that N digestibility tended to respond
quadratically to EO inclusion such that N digestibility was increased at low inclusion levels and
then decreased as inclusion level increased (Benchaar et al., 2006). Supplementation of an EO
blend (CRINA®) + α-amylase in low starch diets increased DMI and tended to increase final BW
of Nellore bulls compared to bulls fed only monensin (Acedo et al., 2016). There was no
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difference in ADG, but gain:feed was lower in EO supplemented bulls compared to monensin
supplemented bulls. Nellore steers fed an EO blend (CRINA®) with or without α-amylase had
greater DMI compared to control steers fed monensin (Meschiatti et al., 2016). Meschiatti el al.
(2016) also noted an increase in CP digestibility in steers fed EO or EO + α-amylase and
protease compared to steers fed monensin, which many have been responsible for increases in
DMI.
Based on the positive impacts that cinnamaldehyde, eugenol, and capsaicin have had on
total VFA and ammonia production at a pH of 5.5 in in vitro studies, they appear to be the EO
with the greatest potential for improving feedlot cattle performance. Inclusion of
cinnamaldehyde, eugenol and capsicum oleoresin increased ADG of steers compared to
inclusion of monensin during the last 39 d of a study, but not during the first 44 d, and BW,
DMI, gain:feed, fat thickness and LM area did not differ among treatments (Geraci et al., 2012).
Yang et al. (2010) observed that ADG of yearling cattle tended to respond quadratically to
increasing amounts of cinnamaldehyde during the first 28 d of supplementation such that ADG
increased at 400 mg/steer then decreased as it was added up to 1,600 mg/steer; however, ADG
was not affected over the duration of the 112-d feeding period. A quadratic effect of
cinnamaldehyde on DMI that was noted during the first month was also observed for the entire
study, where DMI was increased up to 400 mg of inclusion then decreased up to 1,600 mg/steer
of cinnamaldehyde inclusion. The microbial population can adapt to EO (Yang et al., 2010),
which may explain why the benefits of EO can diminish over time in the feedlot environment
(Benchaar et al., 2008).

99
3.4.2 Carcass characteristics
There were no differences (P ≥ 0.19) in the present study for hot carcass weight, dressing
percent, fat thickness, LM area, kidney-pelvic-heart fat, yield grade, quality grade or marbling
score (Table 3.3). Meyer et al. (2009) observed that supplementation of an EO blend + tylosin
increased yield grade and tended to increase fat thickness and marbling score compared with two
different EO blends or monensin + tylosin. Compared to a control with no feed additives, an EO
blend + tylosin increased fat thickness (Meyer et al., 2009). Supplementation of 400, 800 or
1,600 mg/steer daily of cinnamaldehyde did not affect HCW, dressing percent, fat thickness, LM
area, marbling score or quality grade of finishing steers (Yang et al., 2010). Bulls supplemented
with an EO blend containing ricinoleic acid from castor oil seeds, and anacardic acid, cardanol
and cardol from cashew nut shell liquid produced carcasses with greater HCW compared to
control bulls not fed the EO blend, but dressing percent, LM area, fat thickness, marbling or
carcass conformation did not differ (Valero et al., 2014). Cinnamaldehyde, garlic oil or juniper
berry oil EO did not affect hot carcass weight of lambs, shrink of carcasses, or saleable meat
yield (Chaves et al., 2008) and increasing supplementation of oregano leaves (0, 144 or 288
mg/kg) did not influence cold carcass weight or carcass yield of lambs (Bampidis et al., 2005).
In the present study, steers fed EO tended to have an increased prevalence of liver
abscesses in the A category (P = 0.10) compared with CON and TYL steers, but overall liver
abscess prevalence did not differ among treatments (P = 0.88). There were no livers that were
severely abscessed (A+ category) in any treatment. Overall liver abscess prevalence was
relatively low in the present study, with a rate of 14% of all animals. The average total and
severe liver abscess prevalence for the Midwest is 13% and 4%, respectively (Reinhardt and
Hubbert, 2015), indicating that cattle in the present study were within the geographical range.
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Incidence of liver abscess is greater in the semi-arid plains of the US, with total and severe liver
abscess prevalence amounts of 22% and 14%, respectively (Reinhardt and Hubbert, 2015). It is
interesting that the TYL treatment did not reduce abscesses relative to CON in the present study
as was expected. Potter et al. (1985) reported in a summary of 14 trials in feedlots throughout the
US that tylosin decreased liver abscess incidence from 28.7% to 8.7%.
Limonene and thymol have effectively inhibited the growth of Fusobacterium
necrophorum (Elwakeel et al., 2013; Samii et al., 2016). Doses of either 20 µg/mL of limonene
or 100 µg/mL of thymol almost completely depleted concentrations of F. necrophorum in vitro
(Elwakeel et al., 2013). Limonene inclusion at 10, 20, 40, and 80 mg/kg of diet DM caused a
linear decrease in F. necrophorum concentrations in cannulated steers, which would potentially
lead to a decrease in liver abscess prevalence in a feedlot trial (Samii et al., 2016). However,
when limonene was added to an EO blend (CRINA®) and fed to feedlot steers, F. necrophorum
concentrations in the rumen were not affected (Samii et al., 2016). Meyer et al. (2009) reported
that the inclusion of CRINA® + tylosin or monensin + tylosin significantly reduced total liver
abscess prevalence compared to a control treatment with no additives, with supplementation of
CRINA® without tylosin producing an intermediate number of liver abscesses.
3.4.3 Meat Quality
There were no differences in pH, lipid oxidation, cook loss, or tenderness among steaks
from EO, CON, or TYL steers (P ≥ 0.32) in the present study (Table 3.4). Purge loss was
decreased (P = 0.02) in steaks from steers fed EO compared to steaks from CON and TYL steers.
Rivaroli et al. (2016) observed that feeding a proprietary EO blend (oregano, garlic, lemon,
rosemary, thyme, eucalyptus and sweet orange) for four months prior to slaughter had no effect
on chemical composition, fatty acid profile, meat color, or water holding capacity of beef. The
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treatment inclusion rate of 3.5 g/d decreased lipid oxidation and shear force of steaks, whereas an
inclusion rate of 7.0 g/d increased lipid oxidation and had no effect on shear force after 14 d of
aging (Rivaroli et al., 2016). Monteschio et al. (2017) demonstrated that after 14 d of aging, cook
loss and shear force were decreased in steaks from heifers receiving eugenol, thymol, vanillin,
rosemary and clove for 73 d compared to heifers receiving no EO or rosemary EO only,
respectively. However, fat thickness, marbling, LM area, thawing and drip losses and pH were
not affected by treatment. After 7 d of aging, steaks from heifers fed the three diets containing
eugenol, thymol, vanillin, with or without clove and/or rosemary EO had lower lipid oxidation
compared to steaks from heifers receiving no EO. After 14 d of aging, lipid oxidation was lowest
in heifers supplemented with eugenol, thymol and vanillin with or without clove EO
(Monteschio et al., 2017). In the present study, lipid oxidation was determined at only 1 day of
display. As such, steaks were exposed to a minimal amount of oxidation, potentially explaining
why there was no effect of treatment or time on lipid oxidation. Cinnamaldehyde, garlic oil or
juniper berry oil EO supplementation in lambs did not affect juiciness, lamb flavor intensity,
tenderness or flavor desirability of lamb compared to lamb from animals not supplemented with
EO. Overall palatability tended to be more desirable but off-flavor intensity was greater in lamb
from animals fed cinnamaldehyde compared to lamb from animals supplemented with garlic oil,
juniper berry oil or no EO (Chaves et al., 2008).
3.5 Conclusion

The inclusion of EO in feedlot steer diets resulted in similar performance, carcass
characteristics and meat quality traits as feedlot steers supplemented with tylosin or not
supplemented with any feed additives. Steers supplemented with EO tended to have more
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moderately severe liver abscesses compared with CON or TYL steers, though total liver abscess
prevalence did not differ among treatments. Purge loss was decreased in steaks from steers fed
EO relative to steaks from CON and TYL steers, but cook loss, tenderness, pH and lipid
oxidation did not differ among treatments.
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3.7 Tables and Figures

Table 3.1. Formulated composition of basal diet with
differing feed additive treatments
Item
% of dietary DM
Ingredient, % DM basis
Cracked corn

54.0

DDGS

26.0

Corn silage

14.0

Mineral premix1

6.0

Nutrient composition, DM basis
CP, %

12.6

NEm, Mcal/kg

1.90

NEg, Mcal/kg

1.30

ADF, %

9.8

NDF, %

20.8

Ca, %

1.16

P, %
0.47
Vitamin/mineral pre-mix contained (DM basis): 18.25%
Ca, 0.44% Mg, 1.32% K, 0.18% S, 3.43 ppm Co, 183.33
ppm Cu, 9.66 ppm I, 522.90 ppm Fe, 440.41 ppm Mn,
4.48 ppm Se, 563.91 ppm Zn, 42.19 IU/g vitamin A, 4.98
IU/g vitamin D, 0.155 IU/g vitamin E, 413.6 ppm
Rumensin® (176.4 g/kg, Elanco Animal Health,
Indianapolis, IN).
1
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Table 3.2. Effect of tylosin and essential oils on growth performance by phase in a 151-d
finishing period in feedlot steers.
Treatment1
Item
Weight, kg
Day 0
Day 83
Day 151
ADG, kg/d
Day 0 to 83
Day 84 to 151
Day 0 to 151
DMI, kg/d
Day 0 to 83
Day 84 to 151
Day 0 to 151
Gain:Feed
Day 0 to 83
Day 84 to 151

CON
358.2
504.8
628.3

TYL

EO

SE

P-value

358.2
507.7
618.0

358.0
502.4
626.7

7.62
7.62
7.62

0.99
0.89
0.59

1.79

1.82

1.76

0.069

0.82

1.77
1.79

1.73
1.79

1.74
1.77

0.069
0.069

0.91
0.98

0.27
0.27
0.27

0.60
0.54
0.69

0.0048
0.0048

0.71
0.77

9.0
11.0
9.9
0.200
0.160

9.1
11.0
9.9
0.200
0.158

8.7
10.6
9.6
0.205
0.163

Day 0 to 151
0.178
0.180
0.185
0.0048
0.55
Days on Feed
153
146
153
7.7
0.77
1
CON = control (no additives); TYL = 90 mg/steer tylosin (Elanco Animal Health,
Indianapolis, IN); EO = 1 g/steer essential oils (DSM Nutritional Products, Parsippany, NJ).

109
Table 3.3. Effect of tylosin and essential oils on carcass characteristics and liver abscess
scores in feedlot steers.
Treatment1
Item
Live Weight, kg
Hot Carcass Weight, kg
Dressing Percentage, %
Fat Thickness, cm
Loin Muscle Area, cm2
Kidney-Pelvic-Heart Fat, %

CON
629.7
390.1
62.0
1.35
88.9
1.9

TYL
619.3
386.0
62.5
1.28
88.1
2.0

EO
628.1
392.7
62.8
1.26
90.2
1.9

SE
8.41
4.40
0.40
0.031
1.48
0.05

P-value
0.66
0.54
0.44
0.19
0.61
0.83

USDA Yield Grade
Marbling
Quality Grade, %
Select
ChoiceChoice0
Choice+
PrimePrime0

2.7
422.9

2.7
420.4

2.5
394.0

0.10
22.00

0.28
0.60

0.0
50.0
37.5
4.3
4.3
4.3

0.0
58.3
25.0
8.5
8.5
0.0

4.3
56.3
29.3
6.3
4.3
0.0

2.45
12.02
11.96
5.20
4.48
2.45

0.41
0.88
0.76
0.85
0.75
0.41

Liver Abscesses, %
0
87.3
87.5
83.3
6.49
0.88
A12.8
12.5
8.5
5.91
0.85
x
x
y
A
0.0
0.0
8.5
2.83
0.10
Overall
12.8
12.5
16.8
6.49
0.88
x, y
Means in the same row with uncommon subscripts differ (P < 0.10)
1
CON = control (no additives); TYL = 90 mg/steer tylosin (Elanco Animal Health,
Indianapolis, IN); EO = 1 g/steer essential oils (DSM Nutritional Products, Parsippany, NJ).
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Table 3.4. Effect of tylosin and essential oils fed to feedlot steers on meat quality attributes.
Treatment1
Item
pH
Initial2
Aged3
Lipid oxidation, mg MDA/kg
Initial2
Aged3
Purge Loss4, %
Cook Loss4, %

CON

TYL

EO

SE

P-value

5.59
5.57

5.63
5.62

5.57
5.58

0.032
0.049

0.45
0.76

0.63
0.65
6.0a

0.58
0.66
6.3a

0.63
0.71
5.3b

0.056
0.033
0.20

0.74
0.41
0.02

0.83

0.37

21.3

23.0

22.0

WBSF4, 5, N
33.14
36.20
37.70
2.04
0.32
Means in the same row with uncommon subscripts differ (P < 0.05)
1
CON = control (no additives); TYL = 90 mg/steer tylosin (Elanco Animal Health,
Indianapolis, IN); EO = 1 g/steer essential oils (DSM Nutritional Products, Parsippany, NJ).
2
Samples for initial pH and lipid oxidation were frozen at 3 d postmortem
3
Samples for aged pH and lipid oxidation were frozen at 21 d postmortem
4
Samples for purge loss, cook loss and tenderness analysis were frozen at 14 d postmortem
5
WBSF = Warner-Bratzler shear force
a, b
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CHAPTER 4: CONCLUSION AND IMPLICATIONS

Antibiotics are used to prevent and treat a wide variety of conditions and illnesses in
animal production. In the feedlot sector of the beef industry, antibiotics are commonly utilized in
cases of respiratory disease and digestive disorders.
Bovine respiratory disease in receiving cattle is the largest cause of morbidity, mortality,
and performance and economic loss as cattle enter the feed yard. Due to the stresses associated
with the receiving period, any boost that can be supplied to a calf during this time is beneficial.
Yeast supplements have received significant attention as a feed additive for the receiving
period. The β-glucan layer of the yeast cell wall enhances the immune function by activating the
binding site for potential pathogens, allowing the mannoprotein to bind and clear pathogenic
bacteria from the gut. However, performance results have been highly variable. Cattle receiving
yeast cell wall products have the potential to better resist illness when challenged. Nevertheless,
refinement of yeast cell wall product use could offer a viable nutritional supplement for use in a
future industry with stricter antibiotic regulation.
In Chapter 2, we demonstrated that supplementation of a YCW product to newlyreceived feedlot steers did not translate into increased performance or decreased morbidity,
though the overall health status of these steers may have been enhanced. After infusion of a LPS
bolus, rectal temperature, serum IL-6 concentrations and fat catabolism decreased, suggesting
that these cattle may be better able to respond to stress.
The timing of the LPS challenge in Chapter 2 could be argued, where some would say
it’s more beneficial to have the challenge in the first weeks of the receiving period, when calves
are still under the most stress, instead of after most of the risk of disease has passed.
Additionally, changing the housing of the calves during the trial may have affected the results.
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Specifically, if the steers in Exp. 1 were housed in a group setting, the relatively increased
stresses of commingling, social order and weather exposure may have had a greater impact and
caused differences in performance and morbidity. Feeding a diet containing a higher proportion
of concentrates may have also caused greater differences in these cattle.
Once a calf gets through the receiving period, most of the risks of respiratory disease
have subsided, but the risk of cattle developing digestive disorders intensifies. As cattle are
finished and harvested, liver abscesses can develop as a function of a high acid load in the diet,
consumption of large amounts of feed, and sustained days on feed. Though liver abscesses
cannot be detected in the live animal, they cause a decrease in performance realized by the
producer, along with a significant decrease in carcass value due to trim loss and condemnation of
livers, representing a large challenge in the beef industry.
Essential oils disrupt the cytoplasmic membrane, have antimicrobial activity and can alter
rumen fermentation. Previous research has shown the potential of certain essential oil
combinations and blends to enhance performance, decrease liver abscess prevalence, and
favorably modify carcass characteristics and meat quality. However, many factors affect the
efficacy of essential oils, including duration of use, diet and ruminal pH. A greater understanding
of these variables is needed before essential oils become a widely accepted and proven
alternative for antibiotics.
In Chapter 3, we showed that inclusion of an essential oil blend in feedlot cattle diets did
not cause differences from control or steers fed tylosin in performance, liver abscess prevalence,
carcass characteristics and meat quality parameters. Moderately severe liver abscess prevalence
tended to be greater in steers supplemented with essential oils, though total liver abscess
prevalence did not differ among treatments.
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Inducing liver abscesses was a significant challenge in this trial. If this experiment was
repeated, changing the location, source of cattle, diet fed, and housing environment may be
options to be more successful in inducing liver abscesses. Additionally, a titration trial of
essential oil inclusion rates may result in greater differences in performance, liver abscess
prevalence, carcass characteristics or meat quality.
Samii et al. (2016) investigated the presence of F. necrophorum in the rumen during a
metabolism trial, but did not correlate the presence of this bacteria to liver abscesses incidence.
A similar trial could be conducted as a feedlot trial: a subset of steers would be slaughtered
throughout the feeding phase to investigate the presence of liver abscess-causing bacteria in
ruminal digesta, the ruminal wall and the liver. Then, if F. necrophorum or other pathological
bacteria were found, we could develop a better understanding of when liver abscesses form
relative to the feeding period.
Natural feed additives with antimicrobial properties have gained an increasing amount of
attention worldwide in the past decade as the EU (in 2006) and the US (in 2017) placed bans and
restrictions on the use of antibiotic use in animal agriculture. The lack of consistency in
application of antibiotic alternatives has delayed the popularization of many such substances, but
natural alternatives are still gaining increased consideration. Research should continue to focus
on the variables that alter the response of the animal in an effort to standardize and better predict
the results of utilizing antibiotic alternatives in large-scale production.
The antimicrobial properties of both yeast cell wall products and essential oil blends have
been investigated, but not in combination with one another. There are limited studies showing
the impact of feeding YCW to finishing cattle and EO to receiving cattle. Perhaps a synergistic
effect would exist between the two, where each product would contribute positively to health and
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performance throughout the duration of the feeding period. A study could be designed to include
YCW, EO and YCW + EO, such that all products would be fed during the first 28 d of the
receiving period, 56 d prior to slaughter or the duration of time from feedlot entry through
harvest in order to also investigate the timing and duration of inclusion. Health status,
performance and carcass characteristics would be of interest.
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